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.■quit i«Areir innsmeuifiT, 

un&iaar rfjltriiGumriii GurjGsupStrDgl- 

^/rsrr— 4, ggJsawF sr@^ an^a© eJ?iu£J. g)/5-S 

<n,e»0-,rair gfe urrmiiaemr Gu^ti <a5tars;S /#6»fl)«V Q*<um&. 

<W&Febanfl* asvsSluSlec lR* n,mpns, fgdiaQar (Lpiumgu uif*« 
uifL/iSaJ ff©utl® ajmptnSnaQarAiyi Qu^ajii rsihqSlQpnii. 

g|f5«u uifUL/aan-suti (Lp(LpG>JglLh rsrrihia&T aja/a^.*® .-V'.a 

(Lpiumgp uif<3«J<s : girouurra Qsurbfil Quguti>ir,e\r . 



II — SYLLABUS 

PAPER— IV 

THEORY OF MUSIC — II 

I. Outline knowledge of the human voice box and the 
ear. 

II. Musical sound and their characteristics : 

(1) Pitch, intensity and timbre. 

(2) Frequency and interval 

Relative frequencies of the 12 svarasthana-s 
and the values of the intervals between them. 

(3) Free and forced vibration ; 

Resonance, Sympathetic vibration ; 
Beats and Combination tones. 

(4) Upper partials and Harmonics. 

III. Vibrations of stretched strings : 

Acoustic principles underlying tambura, vina and 
violin. 

IV. Vibration of air columns : 

Acoustic principles underlying flute and nagasvaram. 

V. Vibrations of stretched membranes : 

Acoustic principles underlying mrdangam and tavil. 

VI. (a) Outline knowledge of the different laksana-s 
of raga-s : 

(1) Compositions from which the laksana-s 
have been deduced, (2) svarasthana-s, (3) graha 
svara, (4) amsa or jiva, (5) nyasa, (8) melodic 
behaviour of specific svara-s, (7) sancara, 

(8) aroha and avaroha. 
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(b) Laksana-s of the raga-s prescribed for krti-s in 
Practical I and II. 

VII. Laksana of krti form : 

Contribution of — Pallavi Gopalayyar, Syama Sastri, 
Tyagaraja, Muttusvami Diksitar, Gopalakrsna Bha- 
rati, Anai-Ayya, Subbaraya Sastri, Vina Kuppayyar, 
Mysore Sadasiva Rao, Patnam Subrahmanya Ayyar. 
Pallavi Sesayyar, Ramanathapuram Srinivasa Ayyan- 
gar, Muttayya Bhagavatar, Papanasam Sivan, My- 
sore Vasudevacarya, Kotisvara Ayyar, G. N. Bala- 
subramanyam and Dandapani Desikar. 

Brief biographical details of the above composers. 

(1) kampitam, (2) sphurita, (3) nokku, (4) khan- 
dippu, (5) jaru, (6) odukkal, (7) orikai. 

VIII. Knowledge of the following gamaka-s : 

IX. Study of the use of dvitiyaksara prasa (edugai) and 
yati (monai) in musical compositions. 

Technical terms — paada, anuprasa, antyaprasa, 
padaccheda, yamaka, manipravala, sahitya, svarak- 
sara, gopuccha and srotovaha alamkara-s. 

X. Mudras in musical compositions. 

XI. Ability to reproduce in notation the varnam-s and 
krti-s learnt in Practical I and II. 



XII. Cycles of fifths and fourths. 



II — urri—^0iLLi_Lh 
s,n&r — 4 

I. meS^aSeir Qugnb ^suuj(Lpiji a/Tgyti uprtj) ^j^l^eo. 
II. @Iod& epeSltL/th si$,m ^umma^uy. 
(■Si) speS! rijlmsvLA ^(yj^ti, uemq : 

SJ^-^q sremmuLb Qj&s)i_Qsu&fliLjib ; 12 smsi/p-emgrrewti: 
Qeueifl as/flew lASjluLjLh. 

S-i—efiltuaag gju^uL/, uiflgrru §jiq.uLj ; 
urflsurrrr aQ^^ia&r LAp/ryui emirffQiMuetSlsish). 

^LbL^rrrr, eismsm LDprryLb sniueS&r aq^Smeflar ^i^uush>l^ 
IV. anpgjj r&.txirf&aflm gjuj-LtL] : 

litnjgiiiaii, Lorf)ffyiL gsSlw &(v)s@asifisk ^ji^.uuas)L- s^eSI-^jiuso 
VI. (<3l) rrrrag^m QsusudSsvir)] eos^smiiiaasienu upfil 

(1) ^jsosmsm^ss)^ sTQi^gjAGianremL-. um_<so 

aerr, (2) ehseurrekiajmssriijaerr, (3) aijsvDsrtisiiijLb, 
(4) <3l<si>eugj ^<su emsiirrti,, (5) fsmrremih. 



(6) (^^IulSlLl- Hf\sv &V6urrr>>ia>wf]{>y 11,1 i„w/i/.'l.ai,'i.. 

(7) sro^^rrrrii, (8) ^Gprr&msMih iDibjoiih .tyw/ 
Qprremmnb. 

(^j,) Practical I mpgULb II-su sq^^ia^sarra; Qa/T©j, 
auULLQsksrr rrrrsriiasirldr sosiymn&iastr. 

VII. Aqjj^iuSsk ma^mrLb : 

usososB GarrurTsciiiujrr, &mmDrT &rreh)§iiifl , S^ums,\jn®ori , 

goiun, em~°uu[rrTUj &rrsfo§j!ifl, sSmsm (^uuiiiiurf, smAswiDrt 
<sr03;rT@lsi] prrsh, uLLLsmw srcr'urj-SMDLDSssnu ^ujiurr, usveceSI 
G&m^ujiiiri-, prrLDnjrrsji-irjLb iJj^rSairrsro ^ujiurbiaurr, (jf-A^uJUJiT 
urrasusiiT, urrurBrT&th ffisum, gS). ,<srm. urrsosm-^urjiDsmtusw 

«u<3rr/fc?ff)«0 ^jeurfast ^prfiluj usual. 

^jsurrseiaetru uppl aq^aaLDrrsis! suirifiastna Gutjwrrtr)]. 

VIII. Sipaaemi— aLDamiasmeiru upfil ^pl&jeo : 

(1) subiSi^ih, (2) erouifl^Lb, (3) Glrsnatg, (4) a«ssriq.uq, 
(5) go/r^, (6) <zpgj&&eo, (7) epiflana. 

IX. ^fflo* um^soaerrlsi) GTgjsma (urrrreroih) iD/pffy/i Gumsfcssr 
( luSil) sismev&Q&rT pasn : 

urrajib, ^sf^jurjnsmih, ^rfj^iuutjrreniib, uJS&G&isii), u.iLDaib, 
us&siSuiT&irTsir smrroS^ujiii, smsuijrT&npijLb, Garru&ff wpnyLh 

eroGp-rrGgrrsurTSM) ^svmjarrp-r&iasfr. 
X. um-Gvamfiev (Lp^^lsmrr ash. 

XI. Practical I wpQiLb II-sc apgij&GiarTsmi— s\]frsmma(s^a@ib, 
«(5^!iS{5r5<s0/i) em<surr-&;rTGir (sjrfiluu st (Lpgj&iGO. 

XII. <sw-u uijtguih sto-w arrwih. 

Ill — QuiT(njeirL—a<$Lh 



I V ■ i tiii-i'i i i^fi) 



um—Lh srsm 1 

srmiiEg eurr jztuiiiasfilsc GLDmssiLDiurreisr^j ldsH^sst^j Qu&lcs 
,«>iemiiaiu>. rsrraS^esriTQ) ^lsBu umrs,^] Gldsc eurruSek (ipm urrmib 
■'utj.m LLmLjLh, L$m urraw LbQtjSjjGiuriLjLb Q^rrsmrs<S)i—Susis>ij urreSI 
n'it(!v ) uuss)^iLjih asusSlAasomh. s,eB<j $juu(§§jl ^fiamatLjLb eurrsnuJ 
il/ld ^jmsmaQpgj. Q^rremeiDi—snuj Glurrgusnrra urnfim&sro 
(pharynx) srmgu a^gusurrrfagir. <3tpm <3tiq.uurraLh (tpmuropSfisi) 
atrnfimaem (larynx) eiekj^i QffmAxsvuuQiw spsSluQuLLisj- (ipajrfj 
QmrT6m(i} i3saups,^is(> S-Swra/gjLpsb susstrr siiujrri3£$(rij3iQiD&jj. r$mb 
SL-L-Qamsir^ib anpss>p <spsSluQuLLu)-u3sw (LpsvLDrra &«iirr&s>(ajiprT 

@(5<aS)s5rff)65r. rsirLb aeun&LhsSQiLb arrpn}! epeSluQuLluj-uSeBQ^is^j 
GLirjjgt Qs,rrem6$)i—, Giimli, Qp<&(8) siijfiiurra; QisnsifluuQiSifOgj. spsSlu 
QulLis). <s>jg5>LDLJL5lGV s£(5 (LpSiGanstsisr sp£§jl(!3&<&jL£i. (gjLbfLpaGaur 
mrS^sk (Lcawsw (adam's apple) 9iso(j^<si(^ aftp^^to) r^mfBrrtii 

fpsSluQuLLuj- rsrrmi&i (g^gQpgyLbLj&GfrrTQ) ^<s«L/L/i_li_^y. 
^&misv ^rrscrsn smash (vocal cords) sresrp ^)/7"6wr® ^wsw 

$(Lg&3;uuLL@& susurrfftsjLpmiSim 8,<simrj-{F,tsag a.^a/asrr Gurreo (Lpisf.a 
Qarremts^ASimpesr. rgmb Gu&rrLDGO anpmp s-LLQarr^n^ih 
Gang}] rsmrorra sSsti(^Sdrpm. ^ewnec rsmb Gu&(ipujrb§i 

Qffiu^sifi^ir gjfrai) rfjrTgmrastflm ^sroffasfr QnjQiprs&u (§[r@) syi&sxstr 
siimi] ffipliuprrQaBGiQing]. <3tuGurrg] &s«)rru?!J£»aerfleSl(!])!5g]. Q<a/«if? 
si/iTj/i &npQs (Qjjscrsrrsmsmisrrai ^jis^Aas- Gl&tuQ&h pew . ^l^swrrso 
e^eSI s^smi—irSip§j. ^jsiiQsurre& Qajiremsvii—, sumii, fy^ai® (Lp^eSluj 
^i_/i(<ffifflfls« arrpfSlsnrrra) usoIuQ^^uulL® Q&isfia sirppleo 

u[r<^lQp$]. f5iff»/7";i?/7"aJcasjf?ffl5)(5/5^y QsiisiflsiiQ^iii arrptfiidr einsSlenLDsmoj 
a;«<s«uo-ffU LDrrppl <spsSu5lm (tpip&3>3,G$>{S umprfiiA Q<srrsfrsiTSOrrLb. 
zg)jf5lrt&&u9m ^srnsi/ (grT^prrmraGifim ^smffiLjih rfj 'sit ^stn^iLjLb lS@55)S); 
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tqih QurTQFjQSjXVjUU^mso ^/ssta^ansiP.m S-^eSliumA) rsrre&r&siflefr rSms, 
em^iLjLh z_9(gsB)a/(L/Lb umprfii, GaicMrglii) ermSip <sm<5uijiAi3;e<s>mu urn— 
(Lpi^Slp^j. 

Qarrsmi—g]. 

2. QfiLpas, ^sm^ ^■gl.wflffigjLb ug^i) — ■ GirrQeronQmi—tt s\<sc 

3. l/susiS)^ eroeiirrriiasisistr s-emi—irA^eu^pr^ 6> J &&>i- 

^l/ti ff(§^i/^nerr ^^^laeiflm ^/.gWwra) sji)u(5ii> g«5 @i_d5<5n-jji/Lb 
geswiq-iLUTGgjii} Qu^&auuQiQrDg]. QsusiiGsugii musurrr^amefr e-.irr&Aa 
iSrrgjrrm ^^^Isnsrr £§)i_d£7«n« eSlrrsoasrrrTQ) QLOi—QiSbiflsir i£,§.i ^(Lp^ 
&iUuQiQmi pm . 

un®Lh>QurT(Lg§] njjsmrruJrTeasiisk eSltflr$g]Lb fr^fiiSiiLjib @rrsv 
rsrreesraeiflm Glch&> epq^ ^(yig^^ss)^ ^pu^iA^iStskpssr. '(^gmmso 
njirmrasrr §,<is^s,Sisk pm . svirrflsirAsrBeisrmso (larynx) sj[bu@igj&;u 
ulLi— arrjbjgjuQurrp^&iGnjafg ^sjgtfisj-LJU&ek erQi^§j9 Q&etieduu® 
Simps®. rsnaQsh iSlrnqpih S-ekerr asiriTL-isf.iski (glottis) sTrargyii 
■uivj&iuSek n>nijrrw (muscles) spefiluOilefr ^ppih-^rrAaih erp 
u®Qp§j. epsSluSm qpipaaih arrppldr si/«8«3>ld6!d(1j s;lLQuuQ^^jqj 

OjlTSO &-6mi—rT&llT)g]. 

(&,rx<so QuLLisjjjSlesr {^luaaw Slsorrnso /5^^q«<s(5SiS/iyi— gyii, mp 
giim &sorrrr&) .^imefraaqijt^&^i—SQjih GpuiSlLAuQ&ipg]. uniraau 
Gunmnso (§rrsSlsc (D^susm.*.* ^(^sSlasUsk ^as>mruqih Q^iflSismp^i. 
^j^msn^j epsSlQiuqpuLiLD (Lpmp ^jenewagiq^eSl GurrQiih, j/ifa^Lo 
efilgLb f5/rtii_/«<a(5aS GurrgiiLb @(5«S)/D^y. &i£u arrajpSjiw a^pu 

s£(5 &Lpeo (vortex) Gurrek^j Gjpu@i&§>l ggs&sxu &-emi—rra(&,Qp§]. 
^^laamulsnsmerr (telegraph wires) wprrpib Qrsp&SjiiTasnetra 
^rr6misj. Q&eoGjiiLb arrpgj ^)«u«i5)^ti grrm epsElsintLiQuj(Lpuu&iD£ii. 
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(gjfjso rsrremsiek em^ifa^a^ ^(tyuumgaarrLLuj-GgjLb UQtjStyn 

filp§j. GLDgijLh ,^)sFti ai/uj^lsb (g/rsb rsrremsierr QinsbsfilujtBrrtLi £§)(5L/ 
u&imnso SgueurfaeiRasr ^^rrrr s(rr,Si Quifltusurfasiflm ^%^nrj j(5^! 
6S)tt/«<sn"L.uf.@yii) s-tuifGurr&GGiJ i^q^iiSimp^j. ^ot&st (§[reSlek 
&rrrr&rf! ^isj.uumi— ^yi^uuOTSw 145 aptry up-Sji Qrsrruj.iurra £g)(5<s 
@ti. ^/^s5r urrui-i 12 sfesufr/sjasfr ^(vja^ui. Qucsar sajfflsar (^rreSlasr 
tfrrrrffifl <3!Uj-uusis)i— jyuj-ULisrrs)/ 230-ii, urrut-j ^e&srassisrru Gurrgli 
sni—iuprraGei] ^)(5«@ti. 

gjs^ rfHstosti (pitch) jyeOsO^i •FQtjSil 

l5)@CT)sij (tension) , r£err<£e®gu Qurrgu$§j ^(S&glpgJ- JSfrew 
<s(«5ti) Gj(3f7- &LD<£Gngg?,sz (Lpmg}j^ih t3mgua(^LDiT3; ^)(5«@ti). 
dtp** ^)(y)«C5(ii Qun(L§§] ^/sbsij, ^cm&eiflGD 3/4 ^ik^soqfiih Quern 
««flsi) 3/2 ^wg;«u(Lpti) 6)Sfsu@ti>. ®QiauTa<sftlBsr @{rsb "a_s»L_su^./" 

Gldgo urrQLb su^P a_«Di_(L/a;fr<5err ^IsoCSj. ^,«5sr««flsi) g)/7«w(5? 
B/S5)«(ufrw & [Tstia<sk s^puu^Siebpsm — " mrrrtu-QVprruS!" mpgyib 

^n-sb inss)ps>auu®Qp^i. Sip #(5^)<ssrf?si) "LD/rrrL/ @fr«i;" utussru©^ 
S,uut^Sipsj. ^)««L_<_^si! @rrsi) rBrremaefismi-Guj a.srrsrr <|)a)t_ 

mna §]iq-3,(5ii>. Glagc $sws»u$eo " ^s5)so-@jrsi)" uiushu®p$uu® 
(^iie««ii (loudness) 
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. editor umL/ih ^Qjr^^^ch 

sr^rr. ^ ******* 

®r« ft,**, u/iW * 

4imu>ULia & 0 ttfrpsuirsu mrrgjSipgi. ^ 

«u> ijunpps, „ m B®fiL,u®a P g,. vQms®G0 u>pp surrSnuihi&eifl 
ar/w Qff^epi^^ iuaQpafte eu^ m q^q 

QPUW* upQprrcs ^Q m ^ ru^fa 

mumeo Gl^iuuiuuiLi^sBpgj. 

flMaui/Qpa/ e. ^*ffy 9® ^uStS, UffStel ^ a ^^^^ 
Gsmtld. ^ ^dda, 'fundamental' Q^^u^ 

^-^jiw^ ^ ^ ^ (j(flsu ^ 

•®^*yu> ©nfrtf, ujLHig ^ fijrrfrLjra,*, 

a/G5*@u) otTjb&i GTGOioVfT ufiomtr *®&*&& & h ue01 i Qeur®*, , 
tssmvTueo fife, uHkmp- * (S 0*&4 !& ^^rrm ua^ Qsirr®,% 
V&IULjSarjDg,. jy^wmb ^ Qsumgu Q*,r4>guiMtuiT& 
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'"•nn&ti si@rr)(g)$ s,<sjrsprrtj)GuiT&) swrmujiLiLb rsmh 5S)su<5^,'« Q«rrsfr 
'■Mprah. QeimscwQamrreCLLsrv, ^fAieun n^] sB^sSl^wrra 6wt«s>uj rsmh 
MQipgj&Q&rraTi^ihQurrtipgj, surruSSq^a^Lh arrprSls'sr £D(Jjf0S»« 
.'/'(//;^) er«5rsiir(o)isiJ63rL/s®^ usi) g^sffl<#fti3U(5)««5)siT<« QarresisiQi e^AiQmnm 
iDrraSj gjLLiq.. sumus;(gj Grsprra s^isu^^aQ-xrTishi^susmrrso &sm(§i 
iHLSj-ajprrrr. &lsv 3^u5lQrr(Lp3jgj ffu^A^sa^ir Q&=rTsog,jiliQuiT(L^^i, gju 
Qurr(ip&ij svrruSeS!(i^<3i(3}Lh arrptru ^(5 uiflsvrrij a(n)§jlmuj wlLQim ^i^i<x 
i isog,&uL-sw ^artiuLjGuarraeiiLb aakQiSlu^^^iq^&iSipmf. 3,/sSirr srrs^ 
ar(njG},u$so &-uSQir(Lp^gj<3i'XetD«rr ^-ffffifl^^Qurr^io^iLb, etirruSl^^mtgiM 
ff.rrpgu =?/^)<s u®)uu®<i;§?i ^e^junSimp uifiswry j^(^^iu?im 
ixirTgiiuQisii^iisoemevQiumgtj aAQiiStsj.^^i^a^pmT. ^swauj/Tsi) 
usul/ulI® eu(i^Smp urflmirrij &(nj6jlmiLiGiLiiT, ^ysbs:«/ urUmrrrr aqr,^ 

^iSluiSlrTmiJUuQiSlekpfTif. 

^jsrnf asmQi3i^9,^ (SLDp^rStu eSleyjjriiaaisxsrr i^pQprr^ (Lpmp 
v9iio Qffrr^w>m Qsiiigj 2mrf^!^luQA ) 'SisQ<siTt,wL^rriT. PLpeoffr^^ia^ 

■xgvgit (tuning forks) sT^^^i-xQairakQiih ^smsuiueineuaeifljsiyj 
erfOliflsb, <21ff>!b(3)&) g(£jnjgrrpGurreo a_i_ai?(75«@Lb srr^ssrriwsnetra 
QarremQiM, sreosorr i^sS^asyQssasiriLjih LBm&rrrr &<&§},u9mrTG0 gjuj-a 

^)^)a5)(V5f5^y ^snif (Lps;sSl®) a&kQi3uj.^^ eSle^iuriisiapeir rSl^jiSi^^rrrr. 

(3jJT60 UuSpSPl 

@/T6i) uu$n)@i£;(3j Qsusmis^iu (Lp&Qtu sBafiuthiamsrru urrnu 
Gumh. fpsS! rsrreM&isnsrr ^emffat^Lb arrpgu QsiiaflGiu sn(^LhQurr(Lp^i 

enrju uipfajsuasi&j GpeuGiGiirrtrij um_«(5ib GuipQ<xiTeirarG<svemQiili. 
g/s»/7U?{T6i)«sr/?sS(V5f5^/ QsuerSsw^zi surpsap GtsuemQi&ip ^Qroja^s 

srmGsu f^rxmsos, ^(j^^^jsu ff,p(3) (ipssr ■x-surrffSi^iib^smi—T^T &><S5)9 : 
aansrrff (sFlppg (iponpuSlso S-uGiurrSissiu u^SaQarrsksir GsusmQib. 
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^D^S/D© iT-rreo&.sk Qarrmt^ih ^/ara/ arrpsw/J) rfjlp-uiS ^etoaj fi^rrm 
wrra GiGiieiflGiLi sigyuua spQjiQ^msfreirGeiJsmQtb. 

eposrQi a.6w®. ^jmi—u uyui3 (diaphragm) srmgjj Quiun. 

£|)s3>d5 FT-rjeo-^miiSt Sum n) lib g^mjeue^iii) a_65SJ"@. ^l^rrswLDmri amirr 
9g,s$>&) Qsusffnus^juu ^estL^LJurruiSiuSlm e-ajtsSlsfcUJU-iLD sSlevrr grsp/LDLj 
aenw spmQ pnQL^irm GiFir&^Lh sioa&eiatlw s-^eSlemiuiLjiii Quro 
QsumrQiLb. Sreun&Lb S-LLQanski^th Grsrr 3>mi5&, @s»/D^^/, Qsusifl 
uSlQiih Gprr^ans; eTweumsij <s>l^#>uu®&&, (U)iq.iLiGLDiT ^^jsnsmrruSM 
^3\^auu®s,^ ULprnGsuemQuo. Gw&^Lb sumli, rsrrg,^ (Lp^sSliuGii!f)sis>fD 

trQetsreiSlec ^jaipfSlsk gjsa&asir arrgij /5{rtiL/«(«5i_sSr '^smmrgiau 
uiLis\-(!f)£>Qesr pur . §j^sSl(!!)l5gJ G&m&B (Qrran &>6jim ^su^tuj^is!)^ 
s_sis!ir/rsu/7ii). G)£Fa5?t_./fc«iSBeTij Gu&iluw r & Qziligj sBi—eomh. ^esrrreo 
u/7@ii)u^-<£F Q&iijsv&i] (Lpisj-iurr^j. ffienn urrQihGuiT^j Q^rrmrsai— 
eniue&LLQ speSl QerrLbLjtsu&ijbcfj &rju>t 'su(j}si!sv*,u Gurnsc G^nssrgjj 
&ie®g;& aGiiS!$&&®)mb. ;£§)<su/T«6rr urrQihGurr^j Qprr mrsmunnujai 

(LpjSeSIm £§)/_./5(<5;s>f?s}) s_sfroT arrprfilso ffrfliurrmuLq. Q-is$ujiB&Lb a_«ssr 

surremu (Lpis^aQmnmrQ, ^airrrr &rTt$&Lb Q&iii®j§}stfrrreo ^jrs&jgi 
tgjastpmuju GurrsSla QsrrsnwsDfni). Ginsmith (ipa§iiuissrr3i& (^gMr^nmr 
aansrr ^esi&me QffsijiLjLb ^m^sstr, QsneirluSl0Lb fr$iirT6'4j6®gjm eSL-(J)L/ 
uQ^^jLb siSKffa&T ^l&s)Qi ^rr<smr@.Lb ^iiuriiaG&jsmr®Lb. £g)si/ 

surrrni ^eoeorreBi^jS) sjfbuQih Q-m(^s^4o«e!>5irA aeudfiuGurrti). QsuoH 

Q^rTu.miQmrreo, (yjrj-eo&jmerrenrnu Gturrl^rra @(5.(5^/, <s/r/f)ff)y, (§ijeo 
rsrremssinsw rse!TpfT<s ^la^aarLpuj.iurrLBiXi QsusiflGiu surs§jeB(liSip§j. 
^l^mrreo &mfp-ih ff«fe-6sric/r*«>/tb, euores>LDUJjfrigjii> GutTdieS(giSlro§j. 

esrrrio (§[r&susis>eirQ!!Tiu (tpeirssrgrT&Qeif @flj/®ffi8®@/!)j|-, eretrQoi 
sueSenLLiLjLsw orrpmp QewsiflGuj r 3>^uuGQjmrLq.u5(r^aSipgi . £g),<5sir 
siSsmsirsu/ra^ QgrremmL— SaQrrih G&rrifei] <giaai—i5gjsfil(Si&!liDg>l- 
urT®LbGurT8i] uorrrfq, gjsmso, qjitiu, (ist^eSliu ^)(_By«srf?si5)(5f5.5/ gMiA 
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Larynx 

(a) Epiglottis (b) False vocal cords (c) True vocal cords 
(d) Trachea (e) Anterior wall of the larynx 
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0,7 &Hi'ii.[6oebr LDeiSl^ssr^i gsiijL/siWtSfflflsb u5?««i/ii) r^jLLuwrretsr^j. 
tnt,'i>Mi>/i ^{iQinrrS^aiej^sify-Lb ^ULjsvm (Siinipsya^ ^jek pltusiaiDiuiT ^^rr<s 
l$,ii,/i,hkkpfiij. ^jmaju L/ff) jQjsiS, rgQ&GlffsSI, s-lLQ^sSI sts'st^j 
ii/mmij/ i itT&iiiaGrrrrau iJilifiaasomb. (Lp^so urragSSiw Q^eSluqssrsd 
Qi-KSd^LpA) (auditory canal) sAisii^G^mso (drum 
nkln) ,'iiL^iiiSiiLjsksfrm. 

'."'.7 '.ifl/VyySOTsO 

. «/0WJ A3-,(LpUj.UJITgJ. 

Q^sSla^LpsSleisr u&j&misisrilso gj(/7ji£>«5)u srairir)i Q&rTsvstiuuQLb 
^(iijSiSI^ Qu)(y)(g ^(if)3>Sip§i. ^j^mrreo srrQiih^ qp^sSliu 9tg}! y,&§\ 

noisy # Gsjrreo ^snu>n>j£!(nja§lji)g]. 

ii,Q& Q&gQ 

rsQff QesfiluSsb ^srBSiekski (ossicles) sr&srp ^Lpmg^i srgmhLj 
si.uiJTGvrrQuj&j Q^rru-if sprnGprrQi—rrsk^j iAs«i/ii> rgjLLuLQrra 
$&®sm&3iULjLLisi.(iT l 3;&itD§j. ^l^Q^m—iflasr ep(g (Lpss>esr tysi/si/^ 
Ggn-spii—gyib LLpQfDrrqjj (Lptsmssr 2-.LLarrg]i—giiib gUianem&auuLLiq. 
(ii,ASlmpm. ^jii^Lpmpj sTG^ibijatsnjafgii) gsifil Quiuifa^ih &_Gm®. 
.yisuprSisisr s-(r^su^^ia@ ejppuuj. &&>§jl (hammer), uiL\—W>ri 
(anvil) , ^miasms), (stirrup) srmpj a^puuQSidr pea . 

a_f_LQiFsi5) &p<j)]& ffiaasorrsw ^kdujul/. £|)6i)su Qpmpj U(g0l3,eh 

(<s>t) <Bn-^vs»uD!uuL/«5)Le (vestibule) 

^anrrsuilL- arTGoeimiu&Grr (semi-circular canals) 
«(5«fr«i/ffl»sTr (cochlea) 
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1, ■X/rjgj GtnunuuLjGinip 

(oval -window) ^ (stirrup) ^ ® ^7 

«r( auditory nerves) g)^®*^. ^ ^ 

GuaBecr*^ S^H^firOA ^ sr i MmAm „ & m . 
*r (fibres) fiM&irjwr; ^ W 

^Srirr^ G ^ ***** 



w/dwawij uifsns^t Q&iL&u umr^^Qun(iL^] ^ifijieo urraih 
■ '■Wliigil GurruSlq^pgg]. ^iQipgiGurrm urrail QeueiflGaj sjifrufTtib 
■'i I'l.'jjjjStisk «(5^)«(S5 srj&asurrrgj ^erDLDnjSjlqjjijuaij a,cm(^i3is^SiSiLj 
i ii ' i—gj. 

a-rLDrrrt 24,000 prrLbLjaerr GuerBeumf ggsi/ia/ G^irsSleblq^LiLjeimR 
<'ht>m(i)i3u[3iauuLLis^(§a®mrr)3i!. ^jisisuaoflev a_i_«>S"k/cS<sii) sj/dl/lI® 
ii,mh Cstlgjii &U3}riiasifl6M a^SJcKg; S-Uinrats srsomsdU-iih 8,rrLpr5&i 
bTsosmeoiL/Lb ^(^SiaiGisuemQiQLDewnxj ^fSiiwscmb. Qgrrs^mm Q&ihffj 
i mil ^^^isSlq^nj^l SGLp anDirir 18-a(^a ^mpsiirrai ^/t^uq e-emi—rr 
itrrro) eusiib GsnLsnrQ^mg^ih GldGso a-LDmf 20,000-Ar^ <s>i@ji3LCirra 
yjuf-uq sxidulLl^itso &U;£Lb GaLL-zrrQpmgiiLh &tm($>LSlu)_8i&uuLL 
i^Q^-xSlmjr)^}. s^iLirfrs^ «(5;§)<s(3fflr G<si_l(8jtb euiusa^u 
Qurrgj^fijlqijg-i&irog]. (LpgjsaLD surrevrr s^ujririj&j a^^.amtwa GaiLa 
(Lpm-eu^eoeaeo. giii&is &Lbur5&;LDrT& 4,000-&(§ Gldgo aq^^iqisirQr 
epsfilasir S-uGiurrauuQi^^uuQeu^isomeo. rtjrnh gTT8,Trry<mum3> 1 1 
sm^rruS GumrruSco pu^isi GsiJL&isiSnQiQLDsin-giJ a^^uutj^Sim [D&jJ ■ 



Qd=ff£iu.9<sjsT SUL^lQJMSISifD 

&imn}g]. £§)/5£ SJLtLULj (LpiS)TgU 6TG£lLhL-l Q GjlTL^ri (tpSUli r§ffl £-(lf)Stk 

(gu65^!g)|ffiysrr §jis^.umu fpqt) aswggi Stirrmnisi (njuwrrs; LDiritgtlSipS-j. 



GpsBeiiQFjii, ^sRffizyii Gs=eS!ii^ih 

grrgliLb, £§)(75 GlfsSaeiflmrrec g£)ss>pGuj ^jsir^ULb ^)/_ld/t« ^ro(ipisj. 

9S)^a 55i.J_ Sn.jDqf>lH-U-jLti. 



^srreumsb <xmr®QarrsirGir (Lpuj-Stsbrrogj. ^lurrrfjlasyeo &(nj§jl Qarremi— 
spsfilaerr QasSiammiLjih evrsajmi—tL/Lb QurT(Lg§], epqf, QiFaSia^ih 
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gmpiurra ^ar&rgj. S^^mm Q&rrmri^ sp^seh g)g Q^eB 

amor aifrjBm-JtfihQuiTqfigj ^6»<a/cs«fooi_(3 U j ui^fima Geuruurr® 
(phase difference) wwuugfi^. QfeBsamA 9 sSI 

uSim gdanemm ^fipgj Qarrdmr (Lpuj.8ldrp)gj. 

gjjjGifi&iLfsitsTirsyih Q&tsQujm 



1. upgj ^wevgj ugiGmnqr, smprritj! urruLjehetr srosurrmmmm 

2. @luuprui5l<A> r5®r§<smeou5!eti su^ld ekeurrihiameir Qe<s3u$asrmsb 
glLLumrTs; e&svdSl ^fiiu (Lpi^&pgj. iB&^uo iL.ujitnjp up truth uSlx 
eytb $rribp lS fieneouSo) s^srrsir sweurrrAi&Gnerr ^liLuwrra Gguqju®$ 

glGiJgJ 8l!$lgJ SlSf.SWLb. 

3. Sll^ll epGp- gii^uQusM QsirsmQekeir sfusu rrmi set 
^^CjuQlo Qurr^sj duuxbodr (beats) G^tlSmpm 

4. Qirrem® ^scsvg] ^p^th Gld/dulLl shsurrtiiam &&&&& 
Gurrgj ^moiomar QuguuQfg* QerrebeoqpufjLiib. ^Gp Gurrso 

®Grr QfiffiAa^m^A Qarr<mi_ 9(5 ^sSluSsk gjuf.uij ermresxmr 
10 urrgl Qrstruf. Qprr^Q 15 .£ & ^^ mnio ^ ^ 

lUemouSsc ^ehm G aL L &L b. ^amrrajj QmrrmrGu. 

Gurrmrrsc SeQewgj 9(3 9e SI QaiL^ii. @ts,p & G^ garf G*l1 
ugj rglm^Qih, tsiprraigj gssMsSr sretmeo 18 &.ifi.Qpn-eSlr 3 n } gi 
40000 a.t3.Q[5(T.-<siiar,rr <g>igmsugj 10 smpmiSI. 

^Qeu<soeaeo uyetilpatildr wtugja® p&auisf. wrrgjib. %j 
tsuiu^w s.&rmstirfa.Gwr 25000-&<g Gmso QaiL&(y>i W &. 

goBuSdr SasfrSA lAsfSy, wrrgugGexMarujib aumir^pA 
QerremQeirmgj pu, Qedj. 500—4000 sr.tS.Qnnr. u>££uSti> s.drsrr 
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MwmuifhelReo, wrbjrjjih 40-80 Gurrew (phone) (Lpu>aa^0a^iih, 
<,<).'! Jil spQij QewLSGi^rresrleo (semi-tone — ero-sijat^Lb 3^S,ff,S.-iLjA^il 
i" £?j)6»L-Q(Si/srf?) (LpuuStleo u £g)s!nz_Q(Si/e>fls»w Gain), 

i nti/hfi) fL.emrr (y>if a/ii. 

'r?03 (&)0utSlL-i— (tptfiaa ^etrsSltbtgj fstp s^arsn speBeaiu Q&si 
mum) .">_s5wrr (Lpis^iurrgj. =syOTffl/ spsSliiSsisr ffrm^statu s^mff^^i^i 

fi\n) : 'iji. 1000' a.tS.Qrsrr. ClarrsirarL sj© epeS 0.0000000000000000, 
wtri'.&o i3rr0 ff^irrQemedkisf.i^LLi—rr (watts per sq.cm.) (tptp&aii 
u\i' ®ib Gls;rTei&rts^q^^0rra} QseBiwrso s^amrr(tpt^jL/Lb. 3500 &.L9.Qn>rr 

tojisfil uessrLfih ssmir sygQwsw/tli 

G£(§ spsSluSloiT uemLj (timbre) ^fidagjerrerr uifleuirrr &qr,Si>&sis>GiT 
^ansua&flBir (tpLpaa&;a»<9; Qun(^^§j ^)^<sffl/D^/. pii Q&si 

turret) u(&,<%gj ^rrrnLtsgiJ S-mrrr (LptqjLjLb. 

Q&<o£luj[r<50 ^iugssuulLl^ uflsurrJT <y(^ ( ©65syr 

Q&efilu3asr u<^0aen &ti>§rr <2[(bglJ j^(§uugrra) ^>i0q) 
spsSlatv} uiflsurrrr #(75^)«SB«r Gl&sSlGtu ^emt—naSl&QsnToriisrF/ili. "f 

Q&sE ^{0sti 21, 31, 41 Gurrmrrr) &n}rrrfGu>nstil<9ish^ gjiqjjQusmxsisxs) 

Books Referred 

1. The Physics of Music - by Alexander Wood. Uni 
versity Paper back published by Methuen & Co 
London. 



2. The Physics of Music -by R. K. Vishwanathar 
published by, The Annamalai University, Anne 
malai Nagar. 





urTL..ih srmr — 2 



epeSl-^jajdc ertirugj £g)iu piSiiusSlm (physics) gs© Ssdot. cgy.gy 
tysSluSlsh i3tr)um>utL}ih ^ujajgmuu-iLb uppliu pri" ^diey. speSluSmeec 

!§ls®&. ^mrreo epsB-^iuso, eaeSluSIm uss>u.uq, ^i^m urrsyib eS^Lb, 
mppjLb B-smrrsitA) uppliugj. 

ffto Grsp-Lh aemaeirrreo urT!fas(LpujjLjLb. s^^nijmiwrfs,- ffjihmjn 
.ystimgi eSmtsmuSlest utL\L-.uu($iLbGuir§j, ^jgj s^stoiu 

Qprrqh ua&Lb ^m&Bpsu- &f5$G®iu eSryeorreo Q^rri—L-nsc ^i<ss>&a] 
i§wpjeB®th, ^jG^rr® spsSliuw rBewpjs&Qih, ^prreugi psflujnwg/ 
§i(5 Qi_/fT(5CTf?s5r ^smesurreo s^enti l-.it &)pgi. ^ssxmAa^eSisns^Qeo p© 
(OjiprruSleo arrppj ^esiffeu^rreo, Gisrrwsiq^eBsieniGffu Ggrra) <$ies)&<su 

^smtF speGliL/ih (musical sound) ggsinaFu/io (noise) 

(!£■£<£) <s8lff.§}mrTfFih ep(^ £l)sE>ff uppnvsr epsSliqw (^simwiupp @as>& 
iLjib. ^a>>& upprrm spsBuS 1 ,®) SlpLDmrrm <g(Lgtii(§(LpBsypu9,eo gJisLuu 
,g)(5«@ii). sp(5 uspiresr Q&iuLggnGeon , a^eurr ^(UJ^irGscrr 

S2_65«n_fT@U5 SpsB (gjS$6®WUJ ftp pSWff. 

<spts§!u9.®sr usssi—ui^isi uaeuii eSl^Qpih 

spsfilujnmg] tgjGm&SMTGO S-emi—rrSipg] srmrry GwGec urrri£ 
Gprrih. sSs<s>sm ^igcsx§j ^LDLirrireBek ppfifasHu LSiLi^mnsc £\past 

^en^swrreo epsSl &-ewL-.rr®p§j. SigJ eztsSlsigLbGuirg] ^vjwsn&sy 
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WtiuSar^ MTjbfl* jy^a, ^ u0)ti ^ L ^ „ 

(1) 
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giasu <Bsir erdiSjlm&uHlsD ^s$>3 : &imrt}mG<siirr ^{Bjb^s QiFia^^^nra 

••mLi—UUlLl- r^rrmq stfUj-atgihGurrgi e-emi—rrsug] (3jg)]Si{§-<s>!G®Q) 
.'i.efr. 

©^/■s^-cgyKno; u/ja/siy^lA s^sffl ^6bsdu5)sst §S\es>&tL]ih g/ffisrrssrr 

gJsiS <bsi/l!«b/_ (zj/jJulSlLl ld^Iuusitsi/ Qarrsmi— 

^l^irr^-sTimaek usni—aau uiumruQi^^uuQiSisa tog] . U - syuj.si/ 
6)«fr6Wi_ ^j^jbts S'Gld LSIisj-tsgj&Glandrtsrr s^qr, gem® <Surrmp§j 

(o«/rsu«srr jyif«@Lo(3u/r^/ srribrQjg ^jaetrsor sSjeft&fsg] <sia>so 
Q/sm—irrsgii ^jsaffiL/ib. js;a56fr<ffiff/r cgyaifftt/Lo ^lo)^ Qwrso^w gju^Si 

c 

(crest) srekgiiib gniprsg rglsm&s "^a®" (trough) sTswnyic Q&rr& 
evuuQith. 

3=rr tgesTui 

spsSl urrsijSiiaj/btG) ffrr&jasnh G^swsu. iSfr/n mian-i— ^jsosorr^ sp^ 
Qeijinrfili—&G)>GO f^sSl u;rsu(LpL^iuiT^j. ^)«o^ «J(5 uifiG&irgjsom <%p<zoih 

ldssS si/ifia/^^)ro g-snor e^qr, sgnriqjsatu sumL/surriiiQuSlm ^saLu^m 

LD<s®fil6S)Uj<£ Q<5/r/5y<ssi9il(5) Loswi? ^iSL&t&finiT g)j QffiuiuGeusmQiih. sesisr 
emrrLSj- uirgj&firrgSdo) S-tsksir snrpstop &rr3jmLDrr<%<% Glair sm® <sps6l 
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eiimLjemsus smrmrmq. un @fi>l[r&$e8(nf(5£jj QeuetflQiupiSI eSliLi—niv 
evrrsuir &u{f,Lb (gsMjrgjy, iSlpts; sTGdsvrra arr pmpiLjib QsiigiflGujfnri)! 
e£lLLi_iTA> &usiLb (Lp(Lg$ug]Lb LDsmpnj^jisSlQLb. ^l^eS(§^gJ §36$ 

arrpsmpuGurrGV assr upnrr^iiiaienjLb, ^Irrsu upnneigrbj&^Lb 
pa5) ^)i_^ r ©sS(5f5iE7 iDrbQpriQT) ^ji—0^ip(^ urre^eu^pQ, &n&, 
swrniaerrrrsi ^Q^aSiekpssr. r§etrsaifieisiaj erQi^^isQsrrmrQ, 

^sjair ^uLuurr&3>mxy fpq^eurf cK/t^o) ev.iwg&'&Q&rresk® wpQiprrqij 
suit gje$ l :ULJrT&,^sv>g& »rTemis^ssrrr<so, ^pssmso a_«3ki_n-@u) sgsB/swiu 

ggsu^fiJsu (giqrjsurt ^LptpQiaQansmQi spq^evif £g!fr6wr© g;paes>eir 
Qu)iT§jlssrrr&) <$js;swrrGi) S-eski—rr^ih epsSlsntu LDpQprrt^surf QsuLm 
ecmb. £§)s»SM<s67777-sb garf) ut&nn-aisjimsiaflsk (Lpsdumau urrefil rsLhsmui 
^imi—Qpsfj <nmumS) Ggiflrsgj GtarrmEiGpnih. 

1. ^(jSi) (pitch) 

2. ^iQgggih ^sosogj assrib (intensity) 

3. diwoiu) (timbre) 

Q&rrsk&lsisrpisiir. ^sasFuSek ejpptrpLb ^pAaqjuh spe6iu3.sk &(TF)&il uirrnj/ 

^rrifiis^ rfjlsmGessmjQuj &(nj§jl <gjtf)la;§!ipg]. #(5 §5) srskugj stfiq-ui-i srew 
^soso^j ^j^rtsij-sreissreiDsm SFirrf^^j a_6fr6rrji/. §3(5 Gffisisrmq-uSlcX) eji> 
uQib <3jf£lrrGii3;Gerr <3j&!ut<s>\-GTsm. ^^in&j-srew ^3;^ia;ifl ^rrso 
iLjih 2-Uj(njih, @S5)/o/5^/ts« ffq^^liLjLh t^sapiL/ib. 

^^lifsij—sTemr srmu^] ^mecunmr (physical) ^jewsy; 

#(5^) (pitch) gtswuS}} wsfilsi S-smrremeuu Qurrgu^^^j. 
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£§)(5 emsurrmisisiissii—Qiu ^/^),tsi/ eressFsm 2 : 1 simp Gi^rri—fh-j 
QlOSPpmsD, (Lpp®) <sf»toi[TLb gfirrsmi-rTGuGdm prTrr<sroprru3 swsuijLDrTs; 
Q(5^@ti). ®jsmp gefil^smpeuLb sreisrurf. ^prrsugi 2-pnrrsm3,S$p(gj 
iisJStu-sb^rruS ^^rrmrT^^nrrw 300 ^t^lifoj-erem Qarressri—^rra 
jS)(5f5^n-si) prrrremprruS ^^an^nrjin 600 ^uq. i3rrgi. 

6^(5 siVGiiiTih LLpQiprrQf) sidsurr^sm u^wih, m^iuwih Gurreir.rr)] 
@l($r5&rTgv ^i^ssr Q^rTL^rfLjsksrr^rrs (relative) a^puuQ,ib. 

^9\s,m ^jis^uq-srem <s>fsoG0g] ^i^rfe^-erem a^.puuC-1—rrm <g>fr53 
(LpqpemniLinrsisr ^iprrsug] Q^m^r'rupp, ^ferrey Qg,n<mi—$n&, 
^)(5<s@ii- 9© sfcsurr^m j©^ (pitch) ^srrsi/ ^ULjaeh. iSp^l. 
Q/5,Tif. STsjrffy sSlsurfla&uuL-GOrTib ^sbsu^j LLpQprr^ msurj pgH-Oir 
QgrTi—<TL}6n-<sfTi£rTa sSlsuiflaauuLSdmb. 

gglPptgempG}®} " gi^-ULj" (vibration) upfljib "<s#fffl/ 

jyfglireijMu (Vibration) : 

9(5(y)«5)/7) g)L_^«ffl®/5^J ^wepgJ QurrtLJ gfoihS «a®o/*i 




Fig.i 



ui_ii-Jd) susfo^; "A" efileSltgrsgj "B" mprrmpglp® 

Gurnu LDguui^. "A" S55J/D© ^)(5tiL/a/^7 9© (tP(tf sTssr^y 
an.pLJu($>Lh. ^l^p(S «T©^^7*Q<an"sfrsrruL/©U) G^frti eusiogi 
eSlem gjisf-ULj-arrsvili OTssrffjj an-puu($ith. 
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.4)/IB.Tsi/~5remr (Frequency) : 

3tfLq.&(3jiis GU&rV££js£lasrrr&) §a(/7j Qrfjiruj-uSiAi Q&diiuuuCSiLb ^jujjjq 
<ssrr cg>/^)/f si/-OT6Mr e~impes>ipi,a,uuQiih. ga(V7j 6u<sro&>]sfi!m ^SjVrsi/— 
GT6M 256 QsworriL&o srskprrso spQij Orsmj^uSsc 256 sjjuj-ULj&ek 

QffiLtLjLb. ^^rreij--biemrss>m>! (SjpluiSi— "QswfrriLsrd" (hertz) eresrp 
^errtsijrflesyGv (unit) uiueirulSiSi^uuQiMp^j. 1 QemfriL/sm = 1 

Sj(i£<£.£il (Intensity) 
g£(2> pihypndiesT grsfglsauj (Lp^sSlea Qsc^rrs u?i-Li_si/ti). t3n>@ 

ifiLLi%.6sma) £§)/r6»'® s^«5)<S(Sr5<s@Lfls5>i_(3uj, ^(yj^) spmpnaGeu £§)(5;5 

t$l(L£>Si0iLb stSjlsub ^jq^uuss)^ sursmSiQpmb. spqr, gjeiSIuSsSr ^KLgg^ui 
^jif<sg5ii Gd<src>§.ic3m iif&ea& (amplitude) Gun^S,^ S-arerrjn], 

(fi&a <SH&j!3,uuT8i ^l(i^iss;rTQ) ^(Lgppih ^>lS?iaifla<gjib. 

of LDrrii)rD,&§i\fb(S) l£I66>& Qufj^a^ (square) ^jstreij ^(Lp^^ih 

eSieo epeSloniu Quq^aa "swrrcbu^ii ffiflsw-LKS/rna)" - g) ^Iqfiuq&j g^nm 
^Gmso&eiflm ^i^l&fflS;auu(S>Qpgj. 

<gtl(Lp;%3;g,aD&; susmraQi— " QtsrSiQu®)" eretsrp ^syrffly/stesu uiusir 
uQ&jguuQQpsjj. g>(5 &rrrT&rfl wsil^eiiesr .sfrjydsswfrsi) SL.emrr(Lpi^- 
G?mp, ^t(L^ 0^3,^i^!i iSlsm ^sapis^i inn try ajs-Ssir <$iars>j "gs® G)i—&B 
Giuso". 

^eirsi] (density) i£>pg)jtb s^oS) QffiuiLjLb wmgiGSpcgLi G&iLu&irf/k 

Q&rijlinrrgw -?/aT(S/ ^j^iawrra CgJivjf^/TO) ^(yj^djii ~s>j£>lafi&(Jr>Lb. 

aifliuLSev Gumy carbon-di-oxide) a_swsir ^snp 

ff)/rdi &rr{£nij<m anprSls® Q&filuirrm ^i&raj arrn usk- 
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(^^) srrppleo ir-rruu^ih ^S^amira ^q^ii(3^ibGurT§_i psm,? 

arrpi&ebr Quns,^ wibgijLb mdyp eptsSI {gfiiuaigLb Gusmgissh ©(5^ 
^isb s%>i(Lp3,g;3jGS>iB urr§jlS;(SjLb. 

uf-rj-nLDrr ^r/s/gj^srflsi) arreSliurrssr L^^Q^rrLLtsj-Sisir 3j<ss)Sti&iprTdi 
meu8>{5rr<id ^fssteu <speSlets)iu Quq^a^Lb. Qeueii(3siiir)i ^errsifssiflso 

#(5^)<s@ib ^^ttQ®isffl«$S)ja(gjLb diSjSlHijn&ih ^j(§uu^j(Surrsfo 
^lQgff,g$GSicb<gtb (Intensity) Qfiip&a^p^il, (loudness) 

e&tbSjimn&Lb ^srrsrr^j. ^(L^^^ld Grmusjj speSl ^leasoaeiflmr wsSlenLD 

^oBuuiLl^ (subjective) sr^c^mrif^^l (response) . 

GldCSsi) i&i-/7S)uj si?<#« mwu^lsir AnSiastai^ urrrtuQumb. 
6>?.'i& (Amplitude) : 




Fig 2 

OB^) sBso^SimpQ^n ^jgj <si?#af srm^)j i^puuQQp^j . (ui_i£ 2 



2B 



2. mrTjbnn /#«<3l/ul-/_ gag urT$&$rr£§jlgxieir <gj§!lrre&m sS&a 
mrrpirwa} jg^dsgjii). 

seiretDia ^>jsi>sc r ^j (Gjsmth 
rFi&r gjfja) LDppGU(rr,s$>t—iu (gjrrG®s$i(njjij3i] GsugiiuQsiJ^iLb, £js>(2> y^jss)&<3; 

s^sftswr sjGj &(nj§SliLiii) spQrr (LpLpas(LpLb QarreJiTisL^p^rrgiiLb 
^eaeu fianemuSlisSlQpijigj Qaisifleurigmeii, Lfajevrriis^tfifSeSlQ^^! Qaiaf) 
GM/jdgsiosiy 6T6kg)jLb Gaj^iuQsi^^ «iJD6urni). sp(5 @j»iEFa;.s;(75«iM)sjr 
a_(/5L/<ssrr ^(jsusb^wj/tot Qs-\sjssnK3,s'iT LjiflSlekpetsr. ffta epsS a_rarf 
i_r7-<«@fflJ<s)«) usiisS uSQskpm, uippssxsu ^ifslri'Gij&maT airf.r&'&i ^jsmeu 
<xsmsr Qu(rF,3,(^Siosrpsijr. (^jdjeSqi) ai'SDanurrm £~(r%ua>sif)Lb stsL'sw vp; 

iz?0<s©ffj^;. sjtBrrGu&t] gasS sjpuQiib (ipmp, <3js;sa eijisduQurr^ew 
<ssfr wpguLh ^jmiwu&DU Giurr^^^i ^jq^aSlpgj. <sp<s8;v$mr s,mesiis> 
ujeSl^eS.m ^rrsd ccrrifldr&Gh) (larynx) sSr ^/arsB-suii/ii eueRtmyuM-jib 

<sp(iTj Gristly- @ew<MLD ^/t«ijf..firj)t_ (fundamental) 
epeSltLji—.ek ghiifju utflsurrpr ^Q^^iamar'djth (overtones) , «*/«B«w«6rf?sjr 
Q^/ri—fti-/ ^'^Iffeij erecirasDffiTiLjLb (relative frequencies'* fl^TLii^ 
tS/KLgg^niiaeinsiriLiih (relative intensities) &rrrrr$gj ^(i^sSipjg! 
eretrtpj Qog)&ihG&BrT&)LLsio erskp efi^ej/reB e&eir&GxujtireirrTiT. g?(/j> 
gjfflS tsrjbu®ib QurrQgg] c?/©d) ^ifuussL. ^sSojtb (fundamental 
tone) U)jbg)lib s^u/H a-jTj^/ffisrr .siGOGdg)! utfevrrrr mqfjffixtir 
(overtones or upper partials) g)(5«@/Jb. ^ull/ussl ^sSiyib 
uifkurrp- &(r^x{frf,Lh p<3/r (ifieo^eS^g] Ggrrwrfi, m<o^§j sj© 
(ipQgsoisiiLirrm do&ipgmg 2_ffsir!_rr<s@Ss5r/7)S5T. uiflsurrrj- ■B^qn^iaiwfldr 
*3>l§jlrf®j srswrarfr ^^jjusbl psiSJuSkSr (LCfxpssLOiurror Qu^ffidsd) 
Gprrsn&iurra (integral multiple) ©©P^rsi) ^«j>«u a/DfTff" 
Gwrrei/dmem (harmonics) ctwt^i/ &e«>ip&xuu($)tii. uifleurrrr mq$§i 



^ as© tysMoir gmmuMXHu rglifmruSlA(gLb wpQrorrqr, ^Amao^^jw 
asm®. i)s»^ olumrQmdTiL (formant) srssrgjf s^yieiirt. 

9(5 mifluuilsoL. (band of frequencies) AuirnQLodrLL ermu 
u®ii>. uifktirrcr a^oor $sM$$98iurTaxiqib ^iqijuenu. spsSlsaiu 

ryes)®] wrrgiLb. ^swrrm £>umtQuxfciL ^uurbl. ^tfra/ srewaoflfisr 
B-iluLLi_0a)eo. euiueSlm Gurrekro SQfjeB&effim 0 0 oU rrri 
QmewLL Li&scrrmi®y>s>>, sSeotm Gurrmp ar^sflaoflOT 0 %unitQumil 
aoL-S^L. GsuguuL-isj.(nj3 : ,(§th. ^gsmeo ueo effssxm a^s^sft- 
^araSsu G<suQjuiLi_ dfansm&sffim - oluntrQinmC Geuprra <^(5& 

jytsttGCuSlmr ^jiussii, (Wave-motion) : 

««BDSu-®ju«*ii) ^PSJ. gjasrfeir ^tusaih ^pp® <3jGi£fiSB$ 

g)iu«@fflnj^j. ^jOKSurrgu ^mf ggHurraajth $eirit£@ujib wn-rfilwrrfi 
eu(§sugj Q^sB^G^rresim speSl ^lenecturra GlgrrQiSlpg], ^jeiieurrgu 
@q5J ^fimcuaaflssr Qgrrujf urreiftsugj <3imso QgrrL-ii (wave train) 
erwrpeaipAauuQQpgj. Gwspjii, (tpsir eSlsuiflgg Gffrr^mmuSm 
fyisato /5/rti QgiflrsgjQ&rrmrL-gjj sTeirarQsuasrfflrrsc urrafeugj giask 
<s«M) sspuQtb SiGirir&SlGmiumfSl eyaskaeir ^fstia). 

<S>im3G0-$m-iA (Wave length) : 

s^sfl ^pugglturr^LbQurrcLpg] ep<^ Qgtri_rrnm ^ap-Jr pfgxqib 
(compressions) , getritg^iyih (rarefactions) srrpfisv urrsB 

arrant eursgssiL-Siwrpesr. ^smsstSriflen prrih ^snsudsamar *T@y(i 
GurTQgg) tsqfgieb erpuQil (LpaQib (crest) (trough) g>® 

^li—3,$lso gemmfiT eLDrglsmeOuStsSligisgi S-wrrgguuiLQisnsnGprT ^g] 
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^<s@. Qsirft&@l vjouQib £§)t_cg££)£b i-£l&,p&i} Qa/T«tsrL9-(/5<9;@LD <sp(nj 
<$l.«di_ ^Gss ^i—Si^iGeoGiu <3igj (y)«®, ^i^mrrso 

(Btcgyti) l£(Lpii> Gurr^Gw s^jfiiu £g)i— ii> Quiurtrs&n njapirgj. (tp<KL_ 

&-eksir rS&rih sisaeo ij>eirib (wave length) ,^>/s»si)-rf>(s»TU) (Lp<s® 

^G^ <sm^rT&srg§}itb(3j sskeir j^m^mt^iLjw (g/rjlagjib. 

^smsm?ifGurrso arrtfirfllgJjLh ^jsasti-r§ewLb ^)/jfiMr® (ywsL-if /Dgj 

jys33svi-«iS , j# (Wave-amplitude) : 

c ?yai»s«-(?si/«tb (Wave velocity) : 

arrfBrfitGC erpuQw S{^if<^ srr^s, Gms,s > ^i<M (ipmGm g)]&,n)G 
cSyds/Dfcj cS/siosuGsUiau) srmgjj Quiuif. Geusi^^im ^errsi/ sutfiuSssr 
(medium) Q-fplLDnm^sa^iLjib 0enevm>ajiLjil> ffrrrfrsgjekorgj. ouifi 
uSec Gsugji siieSlaaLDiLjekeir &&§)laGmn gji—iiiasoaGeim ^jq^^^rreo, 

^)(5ffi@ii). sul^I (medium) ^Gsu&rra; ^)0f5^n"sb <3si/«ti *9[G$&ifla 
(gii. Q&rSlLDrrosrLb ^££l<srft sign®) Gsu&iii gjsswQizyii. ^i^&srmAi <s>s£lu$sk 

epsSluSIm Gsu&Lb — sp© Qr$mq-u$®) <spd$ urrsijLb §nptb epeSluSar 

spsSI-Gsusih (V) = ^fiilrfsi] sretk (f ) X ^eneo-rgsmb (1) . 
(Velocity - frequency x wave length) . 

jy®DG<>-uir§?lLje®i£t£<so (Reflection of waves) : 

«j£si5) urr&tlutsSluusirreo tn§jlQrrrr$fila;ek ssmri—rrSiekpsisr. er/53; 
^snihGLDBO utl® g^siS) urjuevmih si^>i—Slek roG s;rr xgfrsai pstnis <sp(nj 
@iSIul5)lLi— §Tf[r^^!b(S Gldgi) ^(^/s^msiitgrjw zrSiQrrrrs® Gailgjii). 
i$.rrS}luGcmrih <sjibu(£ui> ^strih <suei!>siTsm!j.eiiLb QurbrfilqF/ts&irTeo s^eSI—^meo 
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j}j&s)isii-eii3,3;ifiuL-[ (Refraction of waves) : 

eusnoreugj eu&a^uq er&{Dss>ip&&Liu(SiQiDgi. Qlfrp euSnBifli'iiSlro^ 

Ggu&w LDrrguQjGg ^lLuQsuuu 0m>eti (temperature) c^rrgu^i 
§jii> g&(5 arrrrmrih. Qeuuurfigno) wrrnjj&i^rreo suifiuSIm Q&mlibn®nx> 
wn-jrySljogij. Qeuuuiglana) ^^aiflS,^rreo Glffplwrrmih (gjenropgi 
Ga/ffiii) ^i^aifla^ili. QeuuurSlssiGo (ejG®jt)njigrr£i> Q&rftLDrrmib sj^i^i 
iflSigj speSl-GeuiEih (gemroiLjih. QeuuurSsaeo LDrrr^i^eorrso ^issxsv- 
suaamuL/ s-SskL-rreugj GfOifGUGPbrr&jrrpmsiih. 

&rrigr$lssrrTg)jLh stiA^uq ssmi—rr^ih. epsfil u/r<n/th ^!«nffuJ(Ssu 
S-inp-uGuiranrrsC) epiSI-GsusLb LDirnjjLh. 2-tuGrr Guns; arrpplm 

Qa/diGau^y snifiiumr, (medium) Qf-iv^iCo epsMwr <£)$ireq- 

WfTQlLb. 

U!T1—Lh toT 6587' — 2b 

9(5 sroeurj-gfifitir ■piSliueo ff/r/f/j^ nfexsv (physical state) 
^/_36W ^§?,ii<s)]-<ST(m ^jsoeogj gjLSj.uq-sT6im (Lpeoih e&ewflaaLiu® 

QrBmsj-uS&i Q&iuiLjLb ^j^lrfsijaisir. 

®fLLg>£§}sisr ^j^irfsij-eTem e^sbrgy (1) ami^j GTQajgjaQairoreiru 
u(J)ib. ^)si/si//T qj QarrQff.suuQib cjy^/fsi/ ^jeosostf giis^uLf—sremr 
"Qgm—it gjuj-ULj-GTem" (Relative frequency) ^Heosog] 
" jyif ULj-tsrem sBQ^ih" srmQi ^ssiipiisuuQSiPO^j. ^^Iifof ^sbl^ 
iLjLb sLbi3u5lmr rgsirihisdr ^(^uu^ssriTso, §ji^.uLj-sTmiam ^eheun 
Q^m—rfmu Qunygnsksirsw. 



fffGiggjaQarrmri—cred, <3jgm gjipjLj-STmr Qurrgjstirrai, 
1 v L = 1 -f 1 = ],, srm^i 9a.peornl. 

prTrremprTuSi-eyLL^panp epsSl&^ib gpfgiuBm rfswih urrgliurrti, 
@!($a£l!Dgj. ^iprreugj 1X1/2 = 1/2. 

1 + 1/2 = 2. 

^GgGurreo mpp msurriiiagsxsu <spd?,<x<giAQurT(Lp§j ^^aaflek 



ersssr 






1. 




1 


2. 




16/15 


3. 


&g]&&qi)5il—if!$>$ULh 


9/8 


4. 


erorr ^nrrmr-arr^^rrrxtb 


6/5 


5. 




5/4 


6. 


SrO, Sj—LD 3,UJLmb 


4/3 


7. 


LJrr§jl-LD ^UJLDLb 


64/54 


8. 




3/2 


9. 


•si&jiB—sisi&ieiigLh 


8/5 


10. 


&stfe 4(rjj§jl-QS)&,si]<5Lh 


27/16 


11. 


ma§l§il-r[!)siqtiT 


9/5 


12. 


■sinasSl-rfileyiiT gib 


15/8 
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fv)e>iB&-@leiDi_Qe>jeif) (Musical Interval) : 

st Asm n so suf^A^msb Ssroi-tEgth. 

I ( £g^5)j_Qfii/afl ) = F— H (q-ujit njtr, Grosiirr^fijlsir gju^u<-j gtsmt ) -f- 

9/8 -f- 1 = 9/8. 

3/2 + 4/3 = 3/2 X 3/4 = 9/8. 

ufffjffLD^^l/ptgtfc (3/2), ^irrrshi^iruS eifiL^^^ipi^ih (2) &.dreir 

2 + 3/2=2 X 2/3 = 4/3. 
g>/?$)ij^ : £§)/5S «6»i_£) <5W«S)A QsiiGiflu$Mr ^ysrrm/ 4/3. 

"4/3" Grmusjj LD^iuem^rruS wga; m^ujLD^^leir gjis^ULf— 
OTswggyjLO ^.(^th. ^^mrreo rsmb "4/3" srsargsyti Aww— srsairfflossw 

srmn)] ^su&rruui—aan-t—ir&jj. ^/ju Sihaamri— ebxnirr g)s»i_Qffiy«rf7 
aeirnseiiib ^(gaasu/ni, 

u(^<yLoti — grrrrwopmiSl-eqiLLeDLb (2 -f- 3/2,) = 4/3. 
C^) »j,ilsDi£ — mgiuwth (4/3 f 1) = 4/3. 
"H^ &(nj§il tfleipuib — u(j5<fiDii ("3/2 h- 9/8J = 4/3. 



2 




sold 


— ^rrrrerd^rruS styL-gaii] 


4/3 


= srti — to [ aj/Llg 






3/2 


— — lj [^"p 1 * ^ 






5/3 


= sxu - a [sq,i_L™ 




— ^rs^rrarrfEprTrrii)] 


9/8 







fflsu emGurrmi&wflmi—Guj rfjlsxajih ^jmi-JSisuafla&nsrriifLb (t/jfiiuiSli—GOrTLb. 

GldGso (Mv/jJlu/sirfflT I = F-H -s- F— L svissrujiois snsuggjS, 
Q&rrmr® Qajiflturrg sj^mm^i spqjj ^i/ti^sn^ ffi«r«Si_(ipi^fi/ti). 
S-grrrrmr t5§jirb(g>, tsrrLprsg shsurr^&sr ^j^lrfsij-STsmmiiLb, ^jrremrQ 

^jULuq—sremssnsm aimr QitSlisLas, (tpi^-it/ii. 
FH = I X FL 

^Gs>Gurrso s-iurtrse; smsurr gSiim ^lULULj-srsmmuLb §)6S)i_Qffl/«rf? 
^/sitsuld Qa}iflrssjrreo, s,rrifinj&, erosurrs^sk gjisL-ULj-GTsmsmem asm® 
iSuLggiJsfili— (Lpufjqib. 

FL = FH -5- I. 

aaflspi&rGrr srvsurrsro0rrmiii3isf?lm ^jisf-uQussisrsisastr sswQiSL^sia; 
somb. S-prnjisMLDrTs,, LDrsprr—en) eiSksr ajjuf-uQuesk 1/2 mirumsj 

FH, LDgiu-srv sfildr, ^l^ireu^i z-iuri-frg sfosur/^dr gy/^uGlussir = J. 

FH, lOgiu-etosQm, ^gy^rrswj; g-iurrrsa} shsiirr a)^im 
gjisLuQumr = J . 



I, ^eoi—QeueiH ^s^nsugj em<%miS ^jmi—Qsusif} = 2. 

FL, L0f5<sfr-<syu <aS)«jr <$igrreug] grribrsg emsurr$^m 

snULuQusmr = ' 1 ±2 = 1/2. 

^GpGurreo, ir>$$!x-u sSlm gjisj.uQuem = 

3/2-^2= 3/2 X 1/2 = 3/4. 

^G^Gutrso prrrrshgrruSl - tSfts&rrarrrBgrTrrgfgtesr g]w r uGusm 
5/2 stotusid^ &Lbaaekt_GurT!!)j amrQiSiutaasorrih. 

FL, ^rsgrrarrpgrrrrggissr <$i&rrsvgj grTtbrsg aoeurr 

gji^-uQusm = 5/4. 
I, shprruS g)o)t_Qsusifl = 2. 

FH, pn-rrewgrruSl - ^ipgp-arTrsgrTrr&glek ^gmsugj n.ujitr5g 
eroeurrgfglMr gjisj,uQustssr = 5/4x2 = 5/2. 

urn— a) OT6HT — 2c 
(Free & Forced Vibrations) 

(%<S@ii). g).j£/5$,!*G* (gliupasHsiurrssr g)/^ ^/ifUL/ g)tu/z>fflf>«i 
JUtfUL/ ^eoeogi g)(u/psiD« ^glrf-sy GTmuuQLb. gjuj.&Qih arrsoapib 
(period) <^tutr)m&, srrecui ^Saeogi rngpgirr arr<XLb (free period) 

«WUU®ii. ^JOT/rsi) (Jsuffy g/tfUL/ dB/TSUli QfflfT6Wi_ 

wthQtDrrar, prstglantLi gjufAxg grremuj.mrrsb ^jemi i'ii »' i 

(forced vibration) erenrLJuQw. 

*«5r. cgvG^ ixsrr^liihurrsisr ^mQetrrr^ aihiSeniu ^smiy. ^rwsngj 
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(Sj/ti ^)(5«@ti). ^rGmmrprrA) grsgluSm ^iis^uLj speSluueomauSed 
gjuj-UL-i $rpu®tsg]£lpoiJ. speSluueosin&uSebt gjisj-ULj giTstfci—uutli— 
gjisj-UL-i st m try &n-puu®ii>. 

(Sympathetic Vibration or Resonance) 
GudogjdHsM giUj-ULSlGwrro) ^jiuasuuLlQ ^itsj-uu§j &.L-eSliuss0 

uflQeirpenm (Experiment) : 

^irr&kQ grsfgiawr A LdppjLh B g> GefDrrGmmfiili—ifleD 
d5L_©/Bjffisfr. gjSjlswr QpsvLb ^isnia/asiflssr rEor^sm^ eiflGlffiugj ^rrekt® 
^^aflsSl^^i sTQ^iht-jtb <speSl spefrpna spsSlaaGtiiismQib. 9(5 gpSjl 
uSlssr Gweo sj(5 ®g)] a^rr^^sfiS)^ LDLfggj snsiiggittSli-LQ Lopp grsfifi 
emu uS , il@,'5;«sfr. &rr£l£Lb ui_ui—&a£ Qgm-.miQi upr$g] Q&jiSGiu 
<sSlip<x&n.®Lb. LSmiqih ^m&pgj GiarrsmrGi—iS^a; 

<gti. stgnsug] i£iLi^iu grsSdsvtu rElgigGjiGsr iECj—rrp 
3,$$ simspgi Qffifr6wGi_(iS(T5a®tD. ^estmso (ipipss,Lh &pgy 

auuQiSipgj. 

eurr/T QmfilpG&rr G&r'raauuLLi—mzo, ^uQurr^gj wpp 

prbGjl u?tli_uuL..t_/Tffi) (yj^si) s}rs8>liLiLb grrGew ^sn&iLjii. (il&p® 
i£!&<si]Lb sroflmesr e-$nrr<mLb a;i/jyrr/T. ^LDL^ijrrrsSla) erorrrrmSsmuj 
iBiLuf-tssrirso ^gysru/r/rerf prrGm gj^^ih. 

eGljS&jjujrr&ih 

ermra&r epmprra ^<$<xaG<SiJemr(Biih- gfTemi-Uuili— ^SJl/f 
«jS!si) jyaosif Gsuprra ^(nysaGsuemrQih. 
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mn&ajih, g^rmfi—uuLLi— ^SjirfsiSffb ^ss> pen nsmjih £g/(5«g>i£. 

3. S-Ls^izjffi.s^SJsb ^lp-emL^maj§_i GusrdgjGfilsfr ^Stirrsy &ngjrr 
rrsswinrrgi semwSlpr^ QprnuQih. ^ymrreo gfrmri—UULLu. 

3. sSlihunscaeir (Beats) 

GxiLQihGurr sjj , §)/T655r© ^firf? «^si5?<si5rr/T<5 GaiLLanmeD, §>(in epsSl 
(3<stl@u). ^mnso ^j^m (Lpipaaih erpltL/Lh (^piiiQiqii @(5«@io- 
^)^«»6W" siSLbLosbtSsrr (beats) ermurr. sp(^eB^ dileimtsl 

^(5 eSlesriTUj-uSsc G><55L_<s£jij@ii> aSLDLOisuasfr, sjsusS^ ■srvsurrmi 
<»srf?«ir ^/^)/Tsi/-sTC!rer<55ffrf?6sr siS^gluj/rffii. 

<°>{G?irT6i]—GTsmTaGiflm efiliifBliurT&iA (^espsurrs !^(!])i$<3>rreo oSJiii/jd 1 
««r @sn/rj/5^; ^(gffi^ii. sBe^iurrffih ^j^lsrdfB^nsc oSictDsbasff 
«Slmrreuir<3i @s»/DSU/t« ^(nja(g}LbGurrgj eSibuj<A>a<sir GslL 

Ufbptff) fbrrrfffrrrxLcma ^(rrja&rr s^s . eSlsmrreuna (^(jTjii^ihGun stf 
GaiLugip(gj Qi^i\mwiupp^n<3i ^)(n)3i(a}Lb. Gld^iim oSsB/rsusBi-it/Lh 
Gurrgj njirrrrr&Lh (9js$>puJ&i Q i g/TL_./fij@/_b. ffjG)siirssrff)/7-«i) LDpQprrqrj 

Qji—Lb wnptQiGU&itss! (ytsvii ffiflQ&ujgj ^rrsmmi—Hjili spGrr #(/?>§iMsv 
e^sSlsfgiDrrmj Q&iiiiuGijib. ^juQurrq^^i 9(5 ^/j^)u5)6w- i-^miu 

QarrtQ&wiTa eSlihunscaeir Gsi^a^Q^m^mi^Lh. pfsGjiuSlsh u!@s»su 
^$&LDn~s(&,mi<%sh. {j^uQun-Qgstf eBihuxstiaGfr (ganpevrra; s-drsirmsun 
eSlm>rr<^irT3i s.msrrswisurT srm^s urrtgriiaek. eBsnrreurra; §)(5/5 
gjriGO e£l&$ujrr&Lb ^/@«lo/t©« Qsfr&k^aiSip^] srm^; 

<§lirs,pih. ^juQurrQff^] prstsluS&r l5!@s5)«ij (§(5<S)pg§) <s&unxxkam 
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rSfrifSjLDirrru Q^iuiL/rijask. eSlLhweosek r§!ii&i<sfilil-L-rrsti ^^isie^ii 

G&rr&iSinm : ^^lrfe)^-STesw3i(Q^a(^Lb S-tsktsir eSl^^iurrffiM 

sjmsk sp(tT) (sBeisrrTUf.uSsc <3<3i_lcSiji_/®i_b eSlLbiMecseiflslir srAsnSAma. 

S-Sitrrremuma, 240 u>ir)Q]ih 244 ^f^iifs^-^TemaaT Qarrmri— A 
wrbgiiLh B stsst/d ^ipem® speSl «si//J_6»/_««Dsyr erQi^ajjs, QarT&r^m 
n,ek. c ?/siosua.sins)T s^sSssaj QffiuiLjrhjash. l/8sii&tf eBmm^ aifipsi 
/-5)/D@ "A" 30 ^^)rrsi/«6rr <ppu®g$u5l(rTj{k(&jLb. LDpgnih "B" 30.5 
cgi/^)rrsi/asrr speE ^(Lp^^Lb gj«r>/rjsurj\s £§)(5csgjiL. l/4sugj sfilsnrmq 
*L^)f5^ /-5)/D@ A 60 ^Sjlrtsyaeh mpQiih B 61 ^^irr^ai^ih Qfiu^-^ 

<3!<9jiTsiJai] 1/4 eSlmrns^ (Lpis^iLfih Qurrqggj g>(5 (^anrosinresr—^iqpS) 
•BjLh Qarremi— epsSiLfib eprrr, ^S^l3,-^i(Lp3,^Lb Qarrsmt— spsfiliL/Lb G&lL 
@ld. ^(5 eSlssrmsf. (Lp(y>GmiMjrT& (LpLq.iL]w Qurrfip^j 4 ,=g>/6i)cS— ^(Zf 555 

e£lmiTLq.u5lQ) 4 (Lpmp siisrrrfrsgjili 4 (Lpetnp Gsnunjajua GffiLlgjii, 
rtyajrrsiig] 4 <sSlLhisseciss<T G<sl_@ld. ^jmiGa, ^yem® ^i^lrfeij-STem 
ffisrflsar dUgSjltLirr&tii (244-240) — 4: ^^ewrreo sp® siSewvT-^-izSsi} (3<si_L 

\Jh.iGm cg/gii. ,£§)(5 jylg)rrsi/-STw<9;srr 240 LDprgnb 230 

(Combination Tones) 

Qanrm'^tTiihisi&T . ^/swsw £§)rj63sr®Lb G&itts&i] epe$aauu®wQurT(Lp{fi] 
Gsugu <gi§fut<sif— s7S55r<ssn" Qajfrsswi— (_'gu srysw/rAcSsfr a_OT"(_fray65)^ 
^liisij (Lpetim arrsmeomi). £§)sw6i/ asorsQ^rreSlaisir ^eoeti^j <3<9rr<as5)<s- 
d£si/6t>J)<36rr 6T65riji_/(pib. syuf-uustnt— smeurr^^Ji—A s^Ai—rr^ih u/f) 

ask 6vss)<ffiui_/©ii. 



(J) aySpgeo ^sysofksrr (Difference Tone) 
(2) a5i_LLj_6b ^swssSasrr (Summation Tone). 
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1— irrti—sifil (Tartani) stot/d lSi/usv sumsSlm aswro^jft ^}<Aie£l^ 
gGueflomsfr <3ismi_ujnmiii aemri—irrf. ^ff^sorrsb ®w)su i_rrrri_S!!)) 

65)cSu5?OT/ij3 fiifTSSOTISUfTli). &-^mjW!fLDrTS,, GutT(£!sh)&irTij&filsis! nw^sc. 

^)/5<5 smajtsSsti QisudiGsiigu rSswib QcsrressrL- (gtprni/cssrr 

(<5ii. ^6wrrsij ssagjih gjemsrr Qurr§jsun-& Jg)(V5«@ii). &m&,i\h 

2-6337® U63W«i/Lb. ^/ansi/ ^[rsmQLb GfFtrfbgii ^j^lm rLpLpasih 

2- j£irrreMLorTff, 550 LDpQjLb 320 ^^/fa/-sTsif5rasfr Q<srr«5sri_ 
^1(5 sfosw{r/5;<5srr ^eSlaauutLi—rrso, 870 (550 + 320) = gy@ma,'"GT6Bsr 

230 (550 - 320 ) ^>/g)ff fflf- -ST 635T 
(oWsBsri— U5/i)Q/rjrr(T5 ^sussBu/ii G«L@ti. ©ss>i_<a«tjQu/T)/r) ^(5 
^si/«3p<s«yr (LpgsSliuev!bt$l(k G^ifasmsuSsnrmAi GinGSjib fflffl) (offrfvssBtffi 
^siif^ilaeir S)s»i_ffi(a;ii). a.a;/T{r6Wti, 550+230, 320+870, 870 —230. 

■sr,Lpl<£<gski peu®sf!&Gvr (Difference Tones) : 

(x— y) *9j6i)eog] (y—2x) -GSl(H)!5gj ^j(^th sfosujrii (ys<5«5 <Ey5),s 
5jd)-<gsi/S5T) eT65r/j/_j®ii. G&rfssm/t; cIswssfJcBisrflsi) ^gj^rTsbr suetoLD 
Gurrtursggi. (x— y) Ln/hn^iib "y" G&trrBa^ g>(5 aiplgiBQ-^pisuGift 
(x-2y) Q«rr®<spf5Lb. ^){r633ri_rrsu^ ffi^^di-isuffsf). 

a.^n-fr«3!irii)fr<B, 

(x-y) (x-2y) (x-3y) (x-4y) 

(y-x) (y-2x) 

«b.tl/_so ^susstlsisfr (Summation Tones) 

^G^Gunev ' i_si)-^si;65i)«(«i5ii3 ^smt—aauQugiiiis. cgj/afna/ 

(x + y) (x + 2y) . . . (y + 2x) . . . etc. 
^ffwrrsb (Lp&;st) gtLfilaj&jso— ^si/ssO sjtresr ruestfotra Ga>L-(^ib, ^surrrsd 
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Slisj-uumyi— eroeucmiameireBi— eueSlemuMjpiD^'rTS ^©asgjii. 

£jftrreari—rTsu§p, (Lpgsrprrsijgi aiflgga^gGuaffiaerr wrbgxiiit exeaesriu 
&a-LLi_G0--5<sii6>ffls-,sir (^enroGurrsur (Lpqgaagmg Qsrremri—^rTa ^(/jjagiL. 

urn— m erem — 2d 

(Upper Partials and Harmonics) 

eorrii ^ebevgj ^iparra rrrra^n)^ ejpu amaiiai^Lsu <9s,i£ 

G?iso ^tfuusnL. epeElatgib Gldgo ewflsm&ujrTa 2^iurr-&(nj§}l QgirrAi_ 
g)sffl««fr arrfmSiGtDmi). ^jsmeu ®jt}rrrrtiirTS<lijasm ^jeoec^i ufHsurrrr 
<#(5^)«sfr ermio^ifiaauu^SleiriTjew. ^asrrra) eTscsorreiJtrisiaigiLjLb o5!i_ 

arrsmSiGromh. ppgjl 2 <3]G0sog/ ^jgfb® GlbioulLl- urr&mi&Gfrrra 
LJiZ](3jGurTLL®a Q&rrew® ^aa&iyib. epQtj urraQpih LApp&ijw Gffmih 
§fti—ii> Qpuf. (node) turra (^(nj&^ib. ^l^§jtsjjjqaeh ereoeomb spGrr 
tgqeOGOgi em arreo^GeoGuu g^a^ii. Gloqijud ^eaeuae^eSl^^i 
STQ^ihujih speSla(sr^ih aeorsgj epssrirjira GaLL(&,ii>. 

prsSjliurrm&tf (Lp(Lp rgsir&tgji—esr ^/tf«@ti; ^t^p(§ Gms'ti 2, 3, 
4, 5 (tpgsSiUJ urraHiaerflso jyifffigj/i. (Lp(Lg rserrs, ^/s^luSsk gjisj.uurra) 
STQfthLiih ^esnrj s^lL^ud dSasyib *3/J£)<s (Lpips3;^^]i_sk Gailrqjih, 
LDfipasHsi] uifleurrrr ^©asfr ^laxogjj 2-uifl-£aieifilaar sretsruuQib. 
j ui—tiiaanerr umtaasyih]. 1:2:3:4:5 sBQggfgled gjqjj^ib 
^iuj.uusi!)i— &(nj§tliLj[h wprrytii uffieurrrr ^ga^ti G&rirs&jj mornt 
LorreSlaem GrmuuQib. 

S-^n rremrLdrra, 

lurresr "em"eSlsk gjuf.umu eSi— £f)(5U)i_/5/gj gju/jjLj-erem 
Qmrrsmi— ^rrrrem^rruSl "em". 
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(2) £§)irswi— fra/ji/ a_urf?— <!F(J5^), ^iiq-uumi— "em" men afii_ 

(3) (LpasrjDrrevgi s_uifl-&(nj§jl ^fisf.uuemi— "em" emeu eSlL. 
eiyLLgoiii. 

(4 ) rsrTssrarreug] S-uifl-ffQ^^i ^fisf.uumi— "em" smeu sSi— 
gorsg] LDi—rii(gj gjis^uq-ersm Qarre&ri— <gi§jl ^rrrrem^fTuS- 

§juuuj.ujfT<s; eMyrrirLDrridfi&sro arrLDgfgla) £§fa5<5(j5"> eQJjtSiaeirleZr 
Q^rri—rfq ^QUL-i-ermrseir 1 : 2 : 3 : 4 : 5 stot/d efil&la; apinjii 

*(g5ti £§)(75<s(9iti>. ^mteu s^uifl-^^iaerr stotG/d B^rouuQiih, 
aBirrTLDrrsifilaem ejekrni ^soeo. s-grrrrsmgSSijbfS), §]isj.&(§Lb ^fj© 2% 
urramisiefleo g]w r s,girT<so <3jgii eiftyrrrriArrs&l&em ^arrg], 

usmes)i_iu emuxmai^^ ^sm^-eirr^^rhiaisifleo (^jSuiSLLi^ierrsrr 
"sTUSi/UJtiy-sfosijjr/i" srevrugj eMDrrrfLDrre^laem grrssr. 

rsmforrsi &(nj$ OhiLl-uulLi— <sp(§ gwyjjrrstoGu iSilM^airSi), 
wjBgrrefo&rruS-eytLL^gfiljbtg) Gms,^ (srreOfTeu^i r <s/5©u5)ei> 

^jbpF&niiigrrrrLh uifleurrrr &(nj§}mrT3; GaiL^ih, '^)f5^ <Mn)f5!J&rrrii 
{BTTrr&i ajrrrrsrdgrruSlsvuj G&irrijSigrra @$l(nj&(gjih. ^jsn>^ S tpaGlarrQisi 
auuLLQsireir asMS&lsk (Lpeoih qiflrsgiQarreirerrsorTih. 

= I -f- 2 = 1/2. 
££lp>0> <5!5§>lu5l£o erqgihi-iih e^torTifiDrreSlaeio, 1 : 2 : 3 : 4 : 5 

(ip&eo GunrrrtLDrTSiffig; =1/2X1 = 1/2 (wfij&;rr-em) 

^jrfemi_rreu§j wr>rTrrwrr&5l& = 1/2X2/1 = 1 (in^iu-em) 
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(tpm/Dnmugj an}rriTLDnrsilA = I X 3/2 = 3/2 (lh^uj-u) 
■ f5nw<Sf7-«jjji/ afDmrLD/TafilS; — 3/2 X 4/3 = 2 (prrrr-fftv) 
eg/S^/rswg/ afomfu^rreSlSi =2x5/4= 5/2 (grrrrsfogrruOl- 

1 

«5/6B)«i/cS«rf?iaj &(nj§lig,<siflm einsSlmwrniuiLjili ffrrrrnjgj a-sfrsirji/. 

1. "The Physics of Music" by Alexander Wood, Uni- 
versity Paperbacks, published by Methuen & Co., 
Ltd., London, 1969. 

2. "emiiiSp sas^r^" R. V. Viswanathan, Annamalai 
Nagar, 1953. 

3. "The Music of India : A Scientific Study" by B. 



Chaitanya Deva, Munshiram Manoharlal Publishers 
Pvt., Ltd., 1981. 




4. "Principles of Physics" by Earnest Greene, Pren- 
tice-Hall of India Private Ltd., New Delhi, 1969. 

5. "Physics of Tampura : Some Investigations" — an 
article by Dr. H. V. Modak, Published in NCPA 
Journal of the Arts, Bombay, December 1992. 
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Thira Mvrtc-t 

Fundamental aad overtones of » stn-. ; 




urn-Lb srem — 3 



fg) (ip c§ d£J cfc <S L_ ff_ LJ U L_ L_ 

(Vibrations of Stretched Strings) 

speSl STQguurrs; <sp(tf) 3iri)&jl spiusi] r§lsa>&)u5!eo ^jt^uu^nsi On.pu 
u®ii. cS^aj/jJi/smiu uaaib ^iQggiitJ gS!lL®s£!lLi—Itgo (tpsirgyii— 
L5?s5rg);i£) sp(Lf,thiaiT3, sjs^^ri^l, iSlmtf spsSl epiursguefflQLb. $li5Si 
(Lpmg)jLb-L3si!rgijL£irrm zgjan&Gif ^j^lrfsi] ^fsorngj ^jisj.uq (vibra- 
tion) ermuuQib. A srm u^j epiueyrSlsmGOiurTa £§)(5f5JL/ , ^(r^uaafLpw 

<3lg] (ip(y) gjisj-ui-i ctwuu®ld. 

(amplitude) STssruuiJlti. §3(5 ^/j^) ^swa/ii Guit^i (Lpeugydi 
i3me£}iLb ga^th f5®tju(gj§) "sT^irffLpisf." (antinode) stwuliQild. 

,^)(5«(5Lb. LBjbgyLb ^gyjiy "op^l-" CTWLfu®ii>. "(tpifasrr" ^/jagi/i) 

■SLhtSeseifleir jysm^smsi/ QutrqFj^fs sfil&il&GiT 
(Laws of Vibrations of Strings) 

8^(75 <3mrrGmnLBiLi_s&cr (ui—ib urrrrA&syLb) swsu^jj Otnrf 
QsruGssr (Mersenne) sTSffrusuri- ^qgggja&L^L^uuLLi— ^/jSilcssyfitrn 
^jm&Sijaiesxiir ^tusy Q^iii^rrrf. QemrrmmSLLi—fr sresfu^j ep(i^ amsSI 
<si_Ls»L_ Quil.LSj.uSek Gldso snhu)es>iu spqtj (LpemewuSeO <s(_li.f LDpQpn^ 
(Lpemewanuj ^(5 «s5)i_u5)sir suLfimrra Q^miissiSIQeu^j. L9(g}surra 

@ti. QuLLisj-uSlm Gwso ^rrmr® aCsai—iufTsonsw (gSjionrram £§)(/5<s; 
,@ii>. (g^lswfrasKSiT nj-xrr&t&ji gfjiSjiuSlffir ffs?7"djs»d5 (a^smp&aGsurr f§lLi_ 

GsWT (LfiUf-lLILb. <SLL6»/_ QulLlSL. ^Q)S)}gJ ^eSluQuLLuj. ST(t|)ti)L//i) 
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, W iju«i)i_uM> LnrrgjgHrDgj amuwp Gsn^aama^m (Lpsoib Quit 
QeromGlssr &&k($ii-9Lii.gpmf . 

1. i3@<mai Lorrpprruxio sna/aauL/Lli- gj(5 ppfyuSls® ^glffsif- 

uflQerrfiam : GammrrifiLJ-Jta) g)jr«r® @£tojr«<™srriL/i£ 
90 Qsru.u?. ^7£rii <aSto«© emeuasitolLb. ppQeoiu ifiiLuf., OTftpiiqii 
sfiw^OjS 0*L.*«/">- @@wjr*«>or Su-«»^ ^/5^uS* /Jor^ 

dtoeitr^dr $irpd>pm& d»Mrni>n* @(5«S'-'°- uu^ui^rrs pp® 

£$&n-[reio&rTu!ih-eyL-g>(Lpii> G<sil@ii. 

^pmrreo pjb&Mr fBar£@& u>rrg»<sme><3 Qrsifwnprrs, 

rgarw @a>/p/5^rrsi) ^/r«a/-CT6wr ^«ff?«@Lb. 

gjwa; stfwOT, «uius6)ssr Gurrsbrrp x^eBa.dfiso mvswMfr&ck arrm 
W rrLb. effmtmuS* qp$m Quul® u>/60/u> ^/®^ Qua^aoB* 

ai)^ arremSiQpmh. 

^GpGurrso H &eorrtii & y>&, pr** 0 * 1 ^ QurT ^P ^(5^^ $™ 

ufilGerrpanw : QmrmnSiljLJieo su^/«v«r«r ^jsgwiu 

^sfflasytl^i-uSA ^il/^w &$@tiar *®$miu Gsn&si, 

0fyMk QfiMMtfieO ^LJf* STWL-OTOJ g)fJW® 
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s,rrrxsro^rTu5l srusiijrii si/sojr erprrgj. pnij<skignu$ utoairrth 
a/sorr (jLDsjy/i stsml-SMuj ^^SLbrraignii&dr. ^luGurrQggj 
Q{5rrL-tka,{s,S?i<56 £g)(5j5<gsin<5G>S)z_ ffTs»/_ njirGWfg, iML-ii}(3j $l(njuuGiS)&i 
rfjrnh urnfuGumh. 

S763)i_ gaswxjjy Lni—iii(&) ^ssrrreo ^rrrrefo^mB-uiQiFUiiii QaL-«jjib, 

cS/^l/fsi/STOsrasn- 1:2:3:4 sr&srtr) <sR&i&,&i§$itx: ^Sjimiflatgjib 
Gurr§j, iSrgedrrm^j 1 : 4 : 9 : 16 erar/D ^SgegSjlsu tSiSji&fiiaftijih. 

rsryibqi, atysB&efileti i$rrss>i—a<ss)<sir £jl(njui3 tSgjansu ^>[§jl&ifl&&im 
CSprrLD. i3rrmt_es>tu epQjj ua&Lb ^(tfjUiSlmrrsO (515$ ^fl^ffiSa:Q<£msrr 

Srirpg}] sun giGfimriiasfiGO , @LprruS|p/srr arrpentr) smgjih =g>/(y>;S 
GUGtorr ^IgjaSXHiurr gGirirg^iGiurr ffQ^^is^iu i&alif (gsnp&asurriA. 

3. i_5!@si/L£> rj)srr(LpLb unrprnDso ^(Tjdsjgtb ^/s^uSa' 
<3/§i!rf6y-6Tem QiAn3;§j}tr)<§ (mass) Gr^rfLcrTprTs; wrrg^ih. ^^uSldr 
sjUj-inssr tSj^aifi ggrrw ^^Hi^-srem (^s^piLjih, gUj-Lcm (thickness) 

^i&iash . ^mrrsc ^sysmayas/flOT sEiLi—ib (diameter) 1:2:3:4 
srmp s£l§!lis&,GjiGO ^(j^aaGsuemTQih. g5(»> G<smrT&ttm-Ril.Ljf!sd <3j$wsii 
ffiss>sn" suifisms'iuiTSi as>sus,§j (Lpanssraofitsti gwiArrm grgmi—asinsrr slLu). 

mm sumrr ^j^a^w ^^^iasrr snjmwns. 1:1/2:1/3:1/4 srmp 

wewrra ^(^^rrso (gmpsurra £§)(5<sgj/i>. 

3~>rrjb!J]tl <sun s,^imiiia<sfieci i^ecevrriiif^Lpec GurTdrpG®6<jg,Gifia) ffrpp 
Girei] Quifl&irraeyw, siLmi— ^ifLCOTvrasi/zi ^(/jfj^rrd) &(rr,§jl (§as>p 
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Qprreo s(5«fl«»fla Qmeo^iu G$™ s-OJirnis, tyfab. piQunK 

efilewflaasvimb, 

^jiq.uuem- smeurr^^im ^gliTa/STem = n 
gfrgluSeir ^eeuFiLjib u@$u$& /ffflrii = L 

- T 

(T = mg. m = Qu>rT$#,ib, g = ^«/Tajr««rff*^ 

(T = mg. m = Quwi^ih, g = ^eqmiea,®) 

sfi&M awii, ^/5^)"S* eppempQiumi (unit 
length) Quj^ii) (mass) = M sr*5U 

(1) "T" ">/6©/J> " M " ^" DeBtt " ra 

iuML. 6n«/£r^* *0rf«r«»* " n "' 
^s.r^^/r.® ^^^^^ rffi^*^ ( inverse P ropor ' 

tioil) Q<5rr£5!ir(_^frffi 
n a I/L 

nL ■= K [K srmugi 5^(5 ^esxxiurrm 

(constant) srsnifrj. 

(2) "L" tfl/pffi/Lb "m" fieasuuira S®^* " n " 

n « aV T 
n 2 a T 
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( 3 ) wpsuih "T" fisnecturra ^p^rrec, "n" 

<3l&rrtoj$i rtal/yM ^gfaso^/ n 2 M = fisnw srarir. 
puji^irrr, effanetm upajjih su/us^sw SQ^eSlsGfflsir 




Qurrgiwrrm ^pS^uxrergi. pfsglaafldr sifBffeSarrra spe® ppuQeugi. 
fithydrrr crmugj " •* (S $- aiir ^ib" ^prrwgj ^mm n>nm® 

$n>$a<sS\£o epdiQeurrargju) 57753; sfoeurr^p^ ^lluul. 
ift5*fflsir/D«rSaw ^ ehaippmpQu rfAQih rfmrQih ^sS^iA 
Q*irmi) <s & (S d ) . ^rrec eSsvmr upgjth euiueBf&b QAGtorT® 
gijjgltqth use doGurrmamstT 9 sSla & Lb. Gmgum smoj^aeim Garrrf 
mtuum* Gwnjgj fin* euu.eugmg Qarr&ASOr par . (SuguA 

SUlUsSlgiJlh fflfaKJOTi/li GGUgJUQw. S)?S5)6iS37"6!D(U u?l!l± surrSlam 

flfej/ii g> S fl-a_«fri_ J r«,£ l j r ptempmp wpgum 9 d>Mm #A«>in 
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LorsSjlrr-u, LDgtLi-ero, LCgm-em, LD/5,g;//-sri> 

/5/T65r@ &jiij§?i<%eirlssr ^SfmeFiLfih r$stnh sp&rpn& ^(/jjagjii. <3imsu 
ds«f?6ir "iSgj" epmprrs ^)(5«<5(3isu«rar(5)u). ^eoeorreSC-L-nso (Lpipaaib 
spGtj Brjrrg, £g)(5<s.sn"ji/. rfjsirQfiih, dlggo/ii) spskpne, ^(njuu&jrrsD, 
&;r$§jlag)S)siT QsuajGtsun)] j(5^)«s»f?sb G&iiuu&jpfg) ^sma/dsa/Jsisr djif. 
Lomjjih S-GeorrauQurTQ^^Lh Geupna ^(tyaaGeuakQLb. Qusmasir 
@/7^j)y<a@ #(56? G&rt&auuLLL- ^wmjrreBea (m^iu-sro sSek) 6'(/T)|§) 
5 d5i_l«oi_ ^soevg] 'G' - ^« £§)(5<S(»;ii. srorrrjmrl Lnpr^iih <3i®s)j 
erorrrr&SiSl (t-D&jUj-erd) grsSjlasrr stoo@ ^^enmrrsi ^/(vjisg^Lb. LDpgiJii 
^>jsi!)@j3isrflsk di/sffsiy stw (gauge) "29" ^sbsuji/ "30". LD/j^l/r- 
u<Q)eLAs,G}fr)(3j #0^1 GffifaauuiLL^ grs§$vSlm Ga^ - 27 ^(vja 
LDisSjlrj-erd-eSlrbarTssr ^/j^) otooq Gtxiia) QldgvgSIili Q^uli^^Qi 
atjbjDuuL-® @0ds@ti. ^uuui_ujrT8, ajpGilaeifiso GiinitAiGeurrii emsiiijiii 
am j©^) Gerta^tbGurrau grsSji ^sm&eSIm Qp&rrorreugi s8S$ ^isj-U 
ueai—UJiTs; $jqf,uu$®g srremQGpmb. 

grsSjluS&r &(nj§jiGtntu wrrpp i3^mi—muj ^.(^uLjSi^siGprrih. 

^G^Gurrso LDedlsarreaiu (tps»6w<s@ rsarrggiLbGurrgj, gpSjl 
^l^iaiflaauuQiStp^]. ^j^&srrreo On.QiSl r ro§j . Lneo&a&rTUJ 

2. &is£i - (sfstimrr s rs §1 u l/ (String-bridge contact) 
(tangentially) Glffsugyti. smueSlm, smrrrjmiQ, eniGp-ns; Gurrmp 

GomrreoiLsm (Young - Helmholtz) eSl^uui^. iSCl-uu®^ 

(y«f (node) Q&.rrAiqxs&f&Lh urileurrrj &(§§jladr (Harmonics) 
arrmruuL_rT§j. ^l^rreugj gpiBimtu erpp £§)i_d££)si) LSil-QSAGprr 
Gwrr ^ccsdg] sSeoGuml® <&s£l sTCL^ut-jSimrGprrGLarr ^${5 
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euorrnGisnTisiliism &_efan._/r<£,Tgj. ^Sf^rrsis§,s <3ir53j li <STuQurr(Lg 
§!th ^^ff/5^/G)a/r«!5r(3(_u2(75«@ii). 

^iML^rjrr (Lnpg)jih effenemuSleo) ^j-xedujirm @6j)s»/r uiuasruQts 

aaflec LSC-i_uuQiih £^i—Si§ilso (ipuj-emiudQarreifisri— a/oirrriiiiTsfilgieiti 
0(igih-i<siim^ a;rreskrS\Gpmb. iSlQ'uw eSl^^rrewGLbsw^ etSl. s£l. rrrnDot 

sutusSlek Gumskp, ^Si^rr<s>J§i an-rjrrm (ajfijlmrx Qarrmri_, aq^eB 
asrfleo ^^l~<^^lemrr &rs&>tuLi utirafl~&r5&jluLi (point contact) 
srrirffy s^.puuQiSlpgj. jytBrnsugu, sjis^iujiTBr§j (^^ImijuSek GwA. 
ep(§ (g,rfilLii3LL.i_ ^jL—^^leo ^ildq^w. ^em&iuLbGuiTSij §)^5^ ti> 
G) p8i(3jG®pm wit prrinGet) £§)(5«@ii>. d£Lby,/T/T ( e$®s>mr , vSajirrr) 
GumskjD {Rt^sBaeBso, ©(sto/ruto GLasourraih &rflr${fu (^(^uu^rreo, 

apSHuurrs; iD©*®^.' g£G5 (§ft.ui9,il.i- (grazing contact) 
£|)L_3§i)<3a)Giu /^smsw^Ji/ £D(3<£<»>fi> ^is^iuurra {^(i^a&n . (f^sSr 
errrjossrwrrs, ^Lbu^^rreSleSiQ^^gj uiflsurrrr &(rjj&ji&<sir Q&ifluurTin Qeirti 
t-jih; Gurrekp ufilGurrtj s-^^isnsfr ia/d/d ^fj^S) sq^sSseiHei} 

Smi—3,auQiuprr. 

Guiuit. 

gnjt£l rrnreSlm SGw (^smiq. GrsnaSi) §)(5<5@ii) (gffissirju u^^lsnuj 
G!d5n"L-(J)<s G)«fT«rif(75ffi®ii). £to &Lt>tuw dsrsSj) ^sn^njii Gurr^j 
(g&jlsmrjmuj qSlL® sRw&i, LnnyuLq. SGip sn(§\hGurr§j (gjSjlsvrruSek 

&jwj t5T(ipih<-itb Gurrg] <rpif#s (node) rsartfs&i g§<surr ^f^iggiL 
$li—3>§jl/b(§ eSlev^ii. lS/d@ Grsrra'Bl Qprii^LbGurr^j (ipiq.&&- 
ifiemQib grstB @^)6»f3"«Du; <?/5<§)<K(3;ii> ^)i_^^)/f)@ q9sd@U). 
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,,,,„,,;,,;,;, u^fr (harmonics) a-iwLjra® 

w .m,. .■„'*««* ^ "ffAwib" CW«i 

qV«-^^ ^^^ ute ®®* ®f 

.vSLrpO* file***- ^m*i^*™jf£* 

'lunUdo) Qpn^tStoiT* antrum, 
ibnih {hiremeomb. 

( razing) 0,®J). g)®^^^ ^ 
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ufisurrrr e^vflGVjm 0.5 Oq^g, 1% susm? ^it^-ejm^so 
umppii) sjpuQiSipgj, 

4. 65/5 r @<£TOr ^{aiKfujih sim w : pLh^rjrr ppgiiLjCb spr 5 
frmr (Gaorrarrr^LLun) pp^Lb ^me^so dlB&iurrfib ^ 
BmfDMl. ^wsB^mrrnh ^m^ib Gku&Ga,®, gsrr^s 

ermnjgjsirsirgj. Qurrgisurra ppglmeir Qvi&Kgpgrra (vertical) 
SaoL-vrr* (horizontal) , GanmrLonx (angular) ^meujib. 
pLD^rrrreBsv Qdra^jy ^^syd^ euurr* Sm^fimewSgiui,, 
Gmrrmrwrr* ^sjwo/asfr ^ mr rso sp & amu>rr(xnuii>rrar 

$jji$u$dr ^*HFoi«afle>> Qe&^gj j^a, wppajpmp sBl_ jfat 

QmrrmfL.) 9Q5 euaaarqtirar urr^rrib. g^stim ^sswq, gi _« 
$p<§ <3@™rr aijfiujrrs; ULruuuu®Bmflm. & i_£$>guib Jn : 5m>jdr 
a^rar sirjbfi&iib m <mi_uuLLL, ^rreussh VJ bu&S*fiar. 
fi^mSJ srrps^p ldlIQu, SL.merrL.s®* Qarrmri^r^Ch 
"prnnsL"*® urrsygipgj. ^surrpj 9(3 Quifltu urruusirsus® 
ultsBuj ^jglrfa/aefr a^uSIm QeuMed s_shsrr an-pgj wtmi^ 

so^p & urreiiQmpgsr, ^mjQ^gj GailueiufssSm QifsSla®. 
mirrgj ppgluSm speQuSm (LpLpx&Lb Qu^suu®Slmp^!. 

^Lb^rrrrsSlsk Gldso usomsuSso, ^mrruSm §!(^uax(Lpil u/ll 

atrrbgu QsusflaarrppjL-m Q^rrL_rfq Qarrshmr {$jmsu &,^s>.;ib. 

@i_ti> Q&iiiuj sTQSgiaQxn-efreiruuQiLb <slLs»/ u>ib (ai_£gim 

SLQseumLDUL! ^isnssrggiLb epebl<% & sp® rsebeo gmmLnsmiu QfmQms; 
&-^qmekroesr. & l.ld Gsfra&uuL^rGfaisfiiso 0p$u3s6l($$gj sr(iLLb 
i-jib spsSI "a_Ga)/r<s i s<5(siriS5iLD" Quppl^a^Lh. 

effemem&tgLb ^LbLjjrrrrisBp^Lb uso Qurrgisurreisr ^ibvriism 
psrr&TGtr. 

1. ^/j^ldsisrjii) #(5^) G#rfS;(3jLb (Lp&npiLjLb : sSmmrdoi st(ld 
^$^ask s^sirsrrm. /jfrsSrgj ^rs^lssh &su uj.su 3><mp SLirrgiuugp 
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i.y/> V-uGmnauu®s,guuQ§i6<s!p£w. 

(^Sf) Gfie®£Mu§&2]Lb ajthL^rrrrGurTSD ■gpSf/sew QsiisiiGsu guf. 

&Q])&>iuSlso Slgu ldit gii ^soasn Q&iiiuj sviijarf Gldso f5«(^th 
■SrrbtDuuLLL— anbtSl a_^si/Lb. ^A&LhiSl (^^svp-uSdii^njgj 
t$eoQu$QT)Si(sjLbuiq. /5«/f^^)swiTsb euiaarflosr ^(75 s^Georrax 

($1) su/T^ticBL/L/gia) /jnwg; si^^ia,ei?l&) fpshQsurrm^epjib use 
srosurrwsiek spsSlasuuQiLb. S-^rrrrsmsTLLira, (tp^ij ^/5 r ® 
uSsc, ^ajrrsvg,! ld^uj-s^ilL^^PiS G&ira&uuL-i— 

■£!®8>t£ <3!(S>8>& srosurrib srvsurrsrva^rresnb) fp&S&cifyib. 

swrreo, ^^luSeisr ^'sm&iL/Lb r§suLh (s^mfQiLjih. ^ev&iL/Lh 

1 so unftSjG^rrLb. 

(i-f) cgi;i^.<5a^- ^fs^smiu $!(Lp8>£>J S-.iurr srosup-fiisisrr sutT&maLi 
u(giQm pm . ^shsurrgii Gl&iuiLjLbGurT&ii l5?@ ^^a/flffiau 
u@Qp^i, sf^swrrso ^{^ifr'sifsrem ^>^aifl3i(§Lb, sfilGjl- 
srA-2 so g^puuLLL-gjGurTeo. 

2. s;nj§jl—(&j§jl6$>rr ff/j^uL/ ; sffevsmruSasr Gldso uevsnauSsh Gldso 
s^srrerr (ajSjlsinrr, ^iiy/r/r g^sw/j Gurrso ^issvLnrrsnrgj. ^Lby^rrsSlm 
a=jS^rruu^^.so n>/T(i> GldGso sBsurr^iS,^ ^^gjsuritssir ^mswagiLb, 
sSansm&fgfib QurrQ^is^lLb. 

^I^rrsu^i, ^/j^lswii./ lSCQild ^)i_^^)si) (ipt^.<#<9r QarremL- GVQfTif 
LDrrsSash ^L-LbQugiSmpssr. {a^SjSGvrruSlsisr Gldso sjSirLb & »£rr suits 
ffiflsurra; ^K^uu^ssrrrso, (Sfi^-^r^sm s=^uLj a-rrrTiueugj Gurrssrtrjj 
^l(§A<^GLDiuekrS spqij (^[SIljlSIlLl^ ^L^pS^so ldlLQld (^(njaarrgj. 



Guiftm&aGir Grqgih'-iii. 

3. (§i—^m u/b/@ : piiiL^rrrrefileo @i_iL ^ibgiiLb uiAiGagrr&r 
sSeaemuSlm @i_(y>ii) ^jbgii&iiDSJ- 

effsnemu^eo gemuf-uSlGw ^u^uSleo ^otQget/titj uaa&>fj$sv §5(5 
G&iraauuLLiq-^ai^Lh. asj/rr&amijrr&v {Lodrq Glffdiiuu 

ULLiq.(i$ri}&i{fjiTGO "amrrAaniii" erebrgy ^esrgyii <3\s®Lp&.auuLL(j) su(5 
fdtDgj. si?6»sw«>[Li <surr!?!&<3jLb(]>un-gi Q^rrss)i-.GiMifj tgsjisutgsj 

emus QarrQasGsurr (Lpisj-iL/LDir erekgu <2/Gr$&; (Lpanp Gaeh e&asir 
eT(Lpuuuu($iQ5iriD6!ir. 

uSsti GpiraauuLLi— errsg QeujT)i&i—ii> Qarrsmi— urr&qpih 6peSlQu(nja&, 
^mreaLDsauj Qarr®&& ffirflGgsvuLh B-^Ojih. 




55 



euiusSletit 

ajihyprr, eSmemuSieB^^^j sutusEl&sr Geug}]u(£iih qpaQuj ^ih&ih 
1 effmem &>ihyjrrrT<s£lrio a^rs^isaiu lSlLu}.. 

1. d5/5^)<s(ST7j(i #(75^1 aii.LL(5)ii) (LponpiLjih : aJiueSletSleo rsrresrtgj 
_.'/,/i,©asfr a_sjrsfr«!ir. ^ensu #(5^) G&ftsauuQLb emsurrr&iaGtr 

(l/iMjoGlU, 

LDS,UJ-U(^ffLDLh, W3,lU-GqiLL®0Lb, W!Sp!X~UtST)&LDLb, 

/fi/r« ^(t^SiSiGeueskQiLDrremaiumAi ajnjSjl&sir QeiioiGsugu s,LSj.LBm 
GuKn-smistneuiurrs; ^(gagjiL <sB§$—aA. 3. (tp^sb ^fjSJ) Qurrgiewra 
$iqf)i5lisi_giarT sroog; ^^iiurrai (stainless steel) £g)(w,<s<gtL. 
n^pmsu stoQi—uSlmQsoeio swuteSIm Gldgo 6TQsv&i--GrrrTQLDL-i—®)- 
AGrymBiuib aprDUULLL-SinajiLirTa ^(nj&fgLb. 

sruajfj'^^l/o® #(5^) G&it&a;uuLLi— gtsSjluSlGO S-iuitrsaj 

m><si]a&Geiisi$ir®Lb. ^>j^rrsiigj ^^imiu QsueiiGoj gu £g)i_w<sisiffte 
efilrTai-ueom&Gujn® (finger board) G&rtggn &iq£&$l <snrr^i0 
giro) QsusuGsugij <sk>eurriiiaGfr sTQ^ihi^ih. ^juuisj. Q&iii&nauSeo tzrijfil 
ullsbr ^sm&iLjLb-ristrLb (gaopiiyd), ^dgsfflvra) &.u.iri^^ ekusurxmiaw GslL 
(siSl^)-<5T63ar 1 

2. siSsb GurrQii (Lpmro : euiusBsk gSIgogSIgo aifiuSlm ^5 
(if\mmw>tuiLjih §)ss)«ssr«@Lb sfil&jLb @^)s»p" <3l60G03jj snnjstirreisr miBnaeir 
.'(,r /_L/L/tlif (5<5(gLb. GryrreSm sTsjrgyti) ^(/jsiSg Lnrrui3@im lduSIit 
Co/zigu ^isuuulLQ sSlgi] Garrn>&ju<nji—rrrTa lduSIitGlbso s^LLis^g; 
Q.'UTsirtgnjih. ^j^mrrec wuSI(^a(gti , ^fj^)ffi(gti ^Jmi—Giu s-rrfTiiiGi] 
(friction) eTrbu@ith. sBsOsnsi) grsGjl Lftgjj GurrQth Gurrgj 
yfhfhlsMLi @l(Lg&(ajib. prsGjlifiiasr i3(aj j|);5^>@ er^nfuq Qarr(i)a>§} 
ii)iiHf,mrr siSltl® ^(tpai umtd(ajLb. muSifisir s-jxmus^ffs^i sruQurrtiggl 
.'iii'bfblsmiu GiDSgiLb |^)(M«<a (Lpis^iueSleomsoGiurr , rsqgsfil r ^s5r|sy 
mil ...hi (tp/5S»<5UJ ^?s5)Si)<ffi@tii, ^S5) r 5 SirrsmLq-iLjih Q&ffirgueSlQQjDg]- 
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epti&i @mso*® sup (LpiugULbGurrgi, ^®£§J <w©"> ">^* u<&GZ 

gftuuuyuns;, e£lec Gurr®su§J, er&ug] §)© Mfilmsmrrs, eu^ib 
lSlL® GurrsvGsu s_msfi^!. iSCJ^amar <m®$,§l -<m®$*l iSlasfmeo 
Geuaajgleo su^su^rrec ^s»«u pefil$$e8lGiu Qgifleugleosaso. ^pmrreo 
epsSl petipgatil efoairrmiaeirrra QatLamsxo gs® QprrUrffSuurrai epsS 

<&GoeStb@Lb ^r5 r @«@ti) g)65)i_GiiJ 2-rr/T(i/a/ 
u®ibQurT$i &$aumm g)©<s@">- ^ W a P* (SuiT 5' 
@e <s>pu]ih. ^5,mrT<x eSlsoQurrL. Q^ni-mi^ihQun g] aieBla>u> fimjDiu 

Gawaiuut-rrgj'. e£lec am £(gluimiaafl& ^mm^^jGm gj^ffiurrm 

a_.6nw £)jry <sB£5$ujit& gglsbprrar ^swuj/jg/snwg/. 

siSffO GurrQih (ipss>pujih eniuSdr ^sSluSek pt&rmuuijih 

@>sMs5r ,s»«ou> sflsuawo GufT©ti jKyfaffltrrrti ^maiareirrs 
urr$xx*u®BJ$eoa>a>. ^wrrti offlA CSu^©u) Qais^rrSo uit$& 
3,uu®ld. g)£)ei> (tpsaa/LDfrw ^tiffti), rs/rii p^uSm crisp gft-^.®* 
ateswa) GurrQSlG /d/t ih ffrdrugj. aBetefi* uoM* Jfasoii) <&3)]3S0rT« 

I_/TS}yt£> «£s£? #LDLDiTSU gsksSlLDILjl—GST ^)®S0U). 

@ $»7o9rir <3i(njGai eSaxoeo GumLL-rreo Jfttft*** 4l$atiuTx 
GsiJ]wr©u3. Qurrgiam* eSleo ppglsniu Qs,rr®ib g)i_ii> -5/5$ 
u5w jpoM/ii) {*«r£0* (@^A%/5<5/) 1/7-^8®^ I/I5-«i»fr 

uSsfl®/5jJ ^«9* 1/9 J»a>«S/ 1/10 u/t<su)/t.s g)®A@ii). 

3. a/dM Off™ 1 Cwolf-note-pf5fT«j grf): onurftaftfo 
@ £tof7-, Quid) lkwd*, iSw ususmds CT&swnb uiit^Quguih. 

&PH5 g)«"/2>w>* ^gfiat-erm a/rrffl«@ii aoaur?@ar ^rraf-erar 
Slm^ ^L-eSiu&xii (resonance) 5r/Du@ti. 
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surr9iuu^j auf-mruirra, ^)®«@fi), ^ss>a, <sp«fila(§Lb Gurrstf sm?sir 
uHQsugjGurreo epang erpuQib. ^gyo)^ " ' ^mrrai-<sm<s\iijuy' (Wolf note) 

QajrrL-itLj QarremQsksirsirreo ajtsSjluSlsk ^i^iifsii-srsm GLDecusv&na 

u9ssr j>j^ifsS!asr ^f^ai^ S,^iAQarT6mGi— Gurr^ih. §)^^><srrffiir 

trtesD/TGi) 3=rT^rrrTemLCirT0sr ^^Irrsmsu ejibuQi^^ ^{uscrruieo Gumh 

.3KLg3>8>$isiS)&i <3f§}l<3;ifl t 5{£j ajsasurrffy LDirpro GsusmQiLb. LopQfDrresr n)j 
(■'^emsjuSlgs! CTs»i_6»uy, ^gi/^Jsi) g?(5 ^^)/f s^-^LffiffluGiurr/^) (mute) 
Cr/f^ji/, ^i^ifluu^j. c g)/^)/fsiy- = g/i_ffiffltjQij/7'/)5? ^5 a_G«i)frffi4, , 5 rr ^ 
, wipsvgj «C«5)i— mnwrrsw asiflu (clip) Gurrskro sq^eSl. ^_s<f)(3 gsGfr 
iw/^s»ff!iS)isi) ^)(75«cj5i_b ^pssr^y &rTG0xetr. <§£§les>rr Gllso, fgrrsirg; as/j^l 

QurrnSluSesr (tpar£)i srreoaea&r QurT(n)£;&i GsumrQiLb. Ourr^ff, 
.■ijisn^leerrreo Gmsouesisms;iSssr Q&iuGtirrtbtDrT gmsmixsmu (inertia) 

iDir&syLb epsSla&LbuLb (sound post) ^pcuu)f7-«si/ii) aiiusSleiSm 
2-.i—sSlpr§ uryuuuuQi&irD§i. 

(§§3<zarr (bridge) .' gjlstofr ^/j^)<Bsrf?« ^/^Irraosi/ GiDsi) usi'sma 

GlrgLLi—Slrfeyastoeir ^eSlifAfgyihuu^iurrs, S-Grrmgl. (g&jlisnrjiiSm ■sued&j 
uaeti spsSl-GLbuii) (sound post) iSs^i ^ipuprrso, ^suguqt 
Mrra, ^mffs^^lewsxiC. t^^sarruSsir ''^I—^ishtso ^tea^su^pf^ suirdiuLj 

(^i-g^arrm uAaih GLDetiumsaa <s>lG?!rfey ^smi—iLi Q;giTi—tni(3)Lb. 

epefilA&LbuLb miojriiLb /5®<s«l-»»j_ (sound post and bassbar) 
• ythHI /)„'!, l'ou ih suiflujfT&i Glds6 u<sv@s)<9iu$&iT tgjSdifsi] i3asru®)s®3;&f'S) Gl&m 
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{Das>i—&lpgj. ^©««tls5)/_ @£§)s5)fru5)65r ■ffiji—gjarreyataj ^i^uunas, 
$j$GO, G>LneduGCsiS)s;u9sir ^is^uurrs,s,^is\> s^LLi_L/i_/iJ.£f(75ffi@ti. rSsmorrm 
snLes)i_ rfjLLi—eurraQiso £§)(5.s@/.i> {£l<£&r euy$ujrTa .*9l(Lp&&(Lpih, ^JfD/f 
si/ti guiflgwrra urruuuuQjiQesipev. 
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* I* »** *7« »** 



uni—ih srek — 4 



'KIT £)(!) I ]f SWJcKQff sir ^pjti|_LJf_f 

ffrrsSuSlsw ^sijrrrrs,^iek Lffgj ^iqg&: sunns, s.rrpsinp asa£} t 
hikiu) fyoSl GTqgLbi-i&lrDgj. $lGjl<s61(§pgj s,rrir)g)j 0mrra;&f)eo gjisj-ULj 
*i 'in i@$j5 (tptfuyti ersirusts)^ ^rSlQGrnmh. sgjTj (ajfiluiSlil-i— £-mnih 

II i.'tH.II ffjl. 

1 u)l< in it fssnasr 

<f])(rjj &.mryLBTTm s,emmrms^. (^tprrmtiu §5(5 tssmsvffrt uirt$§?irj-3;&jl&> 
i.nif,,)i ; 7,,'/,7 urT&,§?ltx&i§?lisQ ^mrstiSrf fflSi_si/ti. spqi) gssi5) aGUL-SMStnm 
.',/< y 1 'flr.y ^«di_(u Qsiugj ^LpnuSeir GuxsOGumiSm ^QT,Qa, easusa; 
OVWwgiii. un g^Tj s^iw ^smwSif s£ilLQ 8,npn)i i£lss>rruSm s-iuix^esis; 
.■1 u.iili QsuessrQiLb. §5(5. @fl5)/j/-5)i_li_ &-iurr4,§!im arrriyjg] rglsnrr 
: ',//y.7>.!/^ Q&,rri—ihi®i sjaffl <ffiai;LliS!DL_(ffi@ sldlditsw epQT, speS srQ£Lb'-]U). 
ktil : VMrreo sps61 aeuL-Gtoi—uSeir ^^rf<n/-OT«sr«p/i£ arrrogn i§6&rru3sk 
.yh,)ii@i-sTemew)]th &ldu> srssrgiy ^jtSlSKSpmli. 

y * urr g>i, (y)«o«57"«siflg)/Lb sr^)ff(y)£fasjr (antinodes) ^©angii. 

HiQusiearDTTeo ^)/D^^)(5«@ti (Lpsmssrsnsiflsv sirrpQ] <$im&iu atBnjSjiijiii 

(.1«/kw@i2). <=sy;5^5 $ji—g;8?iG0 arrpjnj epiustf r£lsm&iu5lsv ^(njsi^ih. 
.«)\m,'ii))§j Qsnrsiemis^QTfSi^ih ann)fQ] p®u!ra&,§ds5l(iijr5gij J§)(75 §ji{Dri)3j 
[i/i<,»)6W.M«fr GrsrraQs Q&GC§liLh. ^sfosivj/ $j(§ (Lpsnyms,siflisSI(§^§J 
u\)ii)iup- y es>^ GrsrrsiSls Q&edepiLh. ^anai/jfrab iAsss/lo srsniprT&sr 
: i,ii\fi'iLf expuQihGurrg] rsQuirag^leo spjvj (LpufSaui, "£g)(nj (Lpsstsw 



&T(Lp Qfi ertip 
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'Cirri— ib ST6HT 2-«b Qpmu an.ifiltiigi Gurnsc ^onec-rierrih ermugj 
*2i(S>@3] suqtju) £§}tr«OT© ^antsoaitsirlec spGrs wrrS^mmmsff ^jrrmiQ 
^)i_/E/*(g5<a@ £g)swi_(Sizj Mw rfjetrii). 2-&irrrrtstssrLDrTa, s^jtj ^smsvuSIek 
Qgrn_iii@ii> ^i—p^eQrnjrsgj ^©^55 ^gyaoswuSw Qgrri—iaigjib ^i—ib 
sus®/rcS@LD s-GrrsiT rgernb. ^jgrrsiigi, psi/Qsu/r^ ^gysBsuuSjgyii) 
^rrtmQ (Lpi^s.^Lb, g^rrem® ^l^iifQpuj.a^Lb Qfirnjuugrr®) ^s»su- 

(iptf ^susujj ^pesrprreu^i (tptf fiu«»rr. ^uQurrQgsn (gjLprruSmr rSorih 
gj(5 qpsaesruSeo ;£g)(5«(gii) Qpptso er^lrrop^Slebl^gj (tpsmsw 
«S«iJ @(5«(gti $l!/ewri—rrGii{£i sr^irrQpu^Aai suenirr rgemQ ^(gaffl/D^y. 
ySt^mrnw ^&neo-r§eirii (s^iprruSesr /j>svr.sjy,5@ ^cr^wi—iii^ $l(nj&(3jLb. 

^juuujjLirr^ ^feneo-rgemh 2L ^)(J5«@lo. L err mug] 

(SjLprruSlsw rgeirth. N JH^irt^-^remr, V spe&luSek Gei/aib, 2L ^sotsu- 

N = V/2L 

Jslp/BJB (&j.L£irn9ssr atrpjru i£!&»jruQeC uiflsurrjr »(^Q<r,sir 

■5r$S}i Gurnsc s,rrw>Q] $mrradil<s£)Lb uifftsurrrr acnj&Z&dr 
s^smri—n-Qosr jryosr . [ui—Lb urrrfsssijLb] 

jyuj-L/ustDL- skeuirih 

^)(/5ffi@ii. <3){&j6wrT6b ^/sjot ^tsuxso-rSsmh sjrreh lSsu Quiflsjira 
^)(T5«@ti. ^jsasu-rSeirih 2L ^/,<s <3ia}rr<sug], (^tpnuSim 

rSsrrib Gurreo £§)(/5iDi_/5/(gj. ^^nfsij-srem N. 



■sT(ip (xp sT(y) 

N = V/2L 
(^ai s-uifl-GYvsujrth (First Overtone) 

(LptBso emsurr^Sjlew ^j^instj-srA ^Lq.uusai— siosurr&,§jlsk 
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Q&rrmr® ^jrrij&a GsusskQiLb. ^si^swrrsc epQT) Qpuj-, GrfijlrrQpuf. 
Lipgytb ^mGlmrrrtfj QfiUj. rsQefiitsc ut^^uuL- GsueibrQii). 



GTQp Qp GTQp Qfi STQfi 



^juQurnip&iJ ^smsD-^sirii si^uumu. ehsiirr 3>§!im ^jsaso-rSsn i,&i<sc 
urrSjl ^Gcscstf Qpptsc <ST§jlrr(Lpu)- ^rrmri—rreug] sr^lfr(y)i^<5@ti) 
g)s5)i_CSiu a_sfrsrr rSeirmrrs ^)(5«@Lb ; ^gmsug] (^ipmSisk r§en .^arsi/ 
^)(5«@Lb. ^sjrrtsiigi L. Q-p&,eo s^urfl tsfcsiirr e>$£tsst ^j^ifeij-eTe^r Nl. 

Nl = V/L 

ggjj-tzmi—ireu \gi S-Uifl-syvemrih 

^jp-swi—rreu^j s^uifl emeu rr gang; ^BM—eu^if)(§ 6^(5 (Lpuj-iLjih, 



QP eTQfi QP GTQP Qfi GTQp 



Qliresisri-rTGiigi s-urf! ermirrgglm <s>ies>Go-rgsms> (op^ei) <sr$fr 
Qpt^a^Lb (tparprreugi eT^rfQpu^. «@ti g)soi_GttJ a-srrsff fS'srrti) 
(giprruSeir rgeir^w Qpasrigleo g)fT«ror© umm g)(V5ffi@ii. ^prTSiigj 
2L/3. ^>i§jirr<5ii-eT6w N2. 

N2 = V 4- 2L/3 = V X 3/2L = 3V/2L 
^sai—Geumb. 

N =1/2 (V/L) 
Nl = 1 (V/L) 
N2 = 3/2 (V/L) 
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^iprrsugj Nl = 2N, N2 = 
$)d5s5r <a2%ti3 N : Nl : N2 = 



3N, ^juuisL-iurra Q&eeg)]Lb ; 

1:2:3. 



gg(T5 uaxii (^z^u$ (77)<£(S}£0 (3)Lprru9eti arr/r)ji}]-j£lm)jru!ilGsr _gji^-ULj 

(Vibration of air column in a tube closed at one end) : 

£§)si/6)$)d5LD/T65r g]iqjjL$e6 spqt) (LpsmmuSso sruGurr^jih (LpLq. 
^)(5«<s GsumrQm. mpp (LpeaswuSw <n§jlrt(LpLSL.. .glp/j^/jsgjii) 
(ipeiamruSeo atrtbg)] S-StrGstr sunj&juisjjLiw, QsusrflGiu Q&mrouisLiLiLh 
iDrrrfjl-LDrrrfjl £§)(5<S(3jii). ^u^uiSim tsfi&a Strops; uaasj&ilGO ^0s,llmts, 



STQfi (Lfi 



(LpisL.<!k(gjLb, sT^)/f(yDtf«@ii) £°j)s5>(_<3iu &.<sk&r r§«frib ^jriiGs L. 
*2ja;iTGiigj (3jLpnu$m Qfi(Lp r$<sinx>. ^smev-rSstrLb 67wujiy (Lp^sc (Lpuj. 
u$6Sl(nj[ijg] (Lp&srpmsu^] (LpisL. suenrj S-erreir iSsttld. (ajiprruSlsw rSsirLnnosr 
L srssrug] §5(5 (Lp^jsgjii, ^/©^^5 <tft£irT(LpL!L.a(g)Lb S-QTtsrr rsstnb. 
^^enrrreo ^oneo-rSetnh rsrresr^ LDi—mi&rrs; Gsut>TH7"@ii>. 

*2>ia;msiiej, 4L. ^8jlrr<sij-<sTem N srsfcuajj 

N = V/4L 

g&(T5 uasiis ^LpLj..u9(jf)X(^Lh (j^i^rruSeir asrr/Djru-rfilGmiruSlei) 
ufleiiirjr ^(TT^Dassw- 

(Overtones of air column in a tube closed at one end) : 

[ui—Lb urrrtassiiLb] 

SjUj-UUGini— eh®] ir lis 

GldGsv sSeinflggg] Gun®) ^iis^uugsii— sroswj ^f^nr^-ersssr, 
N = V/4L 
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Qfs^so s-uifl-eyvmiJTih 

&.Ulfl SfOGUrTLb SlML-UUSip® g,® (LfilSL^LD, 9 (nj 

QfiULiLjih L/@^d5 GsumrQiLb. 



(tfiULa & Lb. s_&TGrr rgsmb, & LprruSldr ristr^eo g/w/zte ^erar® urraib. 
^prreugj 2/3 L. ^ssxsc-rjjetrw ^pp® ^jijmrQi wi-iii® ; Sjajrreugj, 
2 X 2L/3 = 4L/3. (Lpgeo H-uifl emsurr^sk ^/fsiy-srw Nl-eir 

Nl = V 4L/3 = 3V/4L 
^jJTiss9TL—rr<oUgi S-Urf!-eh>sujTLh 



ftP^su QfiUL.m^Lh, qparprraigj QpLq.^Lb ^mi^GiJU 2_snw /^arti 
(#fiiTfugj ^mev-rgerrLb), (gy^uSm tforggeo go^ev prrm^ ' urrs 
u>n* SlQ^sSpg,. ^prrsusi 4/5 L = 4L/5. gjpwi-f™* a.utf 
srvsu 'LT&f&m ^^iifs^-sTem N2, 

N2 = V -r- 4L/5 = 5V/4L 

GgiTL-Ginrr ^6®L-§lmGrT)rTLb. 

N = 1/4 (V/L) 



Nl = 3/4 (V/L) 
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N2 = 5/4 (V/L) 
tSipmsug], Nl = 3N, N2 = 5N erskgu Gu>ffl>»ii Qjaigifti. 
N : Nl : N2 = 1:3:5. 

uaa(LfiLb ^Ipnj^ (gjLpmii LDpnpjib epqtj ua&ib y-piqjLjmeu 
(gjipnuSlsk S-utfl erDGurrdi&em&r spurf@ Q&ujajmso rami ^ftS/sua;/ ^rehear 
Qeuskpmsc, JJl/D/ja; ^iprruSw mynrfLDrreSlA siiiflmsuSlm ^sms¥ : sgJ 
^^rtof-srema^Lb, ^j^rrsu^j 1, 2, 3, 4, 5, £§)i— ii QugySdr/gssr. 
^ewrreo g5(Bj uaaw (yM\.iLjdreir (gjipnuSlsti GppsSipuuGM— srsisrssk 
®(DrrrtLDrr®£l&eri), ^i^msugj 1, 3, 5, ... ^Slujastsii ldlIQild £§)i_ u 
QunySimpm. 

(Vibrations of air column in a conical tube closed at one 
end) : 

Gurreo ui&iarrprryLh. sq^rnsusn, ^swsu-rffsrrii 2L mprruLb aiymf 
LjGOGOrnBii&jLpeQ Lcrbguih jgirs^/Oisujr^^lesr 3j i<] i^ni 

(Acoustical principles underlying Flute and Nagasvaram) 

L^eoscrrmir^ipsc uaansumLisyxi an sua a; surr&la&uuQiLb. <$i3j&r 
(LpaQujLDrT&w smgi-a^snsfr (mouth-hole) 9ipl§j Q&iG$uimanx> 

aSJsifliiAu etssuaaLJuQiLb. Quisk-^aQ si/ifsfti) arrpjry eS.sft.ihiSmr 
Gldso sfflSflasma) epeSl s_«wz_n-(g<_b. ®li53> 8W(bg>l$G®!7U-lii> (gLprruSl 
S£/snw ®rrptr)jtb G&rtn>8tf 5yi£«gjLb tsudd^jsurrSiskpm. 
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arscsan ^jsuno'f&iat^ib fipi^u3q^^ff,rrw, L/weorriii^Lpii) sp(§ 
Qk^uAslb $,pfsyg (SLpniu Qurreo gjsfl Gl&rr®g;(3}th. (LpajskQpgsSlsv 
QemsoibQ&mrrsciLw) <sresrp siS^^/rstr^/rssr @irbg &(nj<s8u$<so g>s$ 
&-rQu£$£lujrnsue!t) ! £iLiLb, urreifsinsm^u-iw eBsiraSsesmiT. (gipso tm^i 
usuifltir a/n-u5)a$)(g/5^y Qimscs&ili ^aQisuu^ei] (blade) anrpmp sj(5 
g)s»iF<s«Lla)L- (reed) Gurrso 3,(^^1 @los&5t arrpgu 0<s?>rnnrTeti 
glL^uugi Gumsosijth $l(njuu<%rT3i& sixplmiTif. (gyrfajisir Jl)® agjii) 
(nrrpgu j£ls«)rru9ek tSyeo&eij MmiSltsSlsWjfssj su^ld arrpeap Lorrpl LDrrrfil 
(gifisSlgyeir tSjgjiLLfijiggju), smgi-gimstr Qsu&fluSGwGuj GurT(§ihuiq. 
GffiiiQekrogi. @LesSOTydr arrpQ] ^i—rtgfgiiurrmmsc (condensa- 
tion), ^a(gi-Sii Uf.su arrp^j s^diGerr ^(Lga,gi8;QarTeirsrru u^iQpg! 

LDp^jLb gGirrrgSii (rarefaction) sjpu@LbGuu§j ^(p-suuj-oj 
arrjtgu Qgug$Guj ^<st<snuuQiSip^}. ^|)/5^ ^ji—tf LDtgrQiib ^sir&s 
SiiuSlsk arrcrearutera epsSl i^rpuQSlpgj. ^mna) Qa/DbVihG s)s),Tsi;i_Lcft) 

&,p3ineog§luLi ^tliGiiiTen-rfask, ff. <a9. rflv r'r Ll.eiom Guirskpsurrsw-, 
Gsuqj sBsira&Lb ^sffl^gjekisfrmfaim. i$ri &rifi&<sk (vortex) iDif)jj)jLb 

epsB sjrnuQLb an-rrma^Gft&j eSletraSiiL/etTenBrir. ^\G&, Gunstrn}] &,rrm 
ajfj^) Lnrrmiaafleo (telegraph Wires) G^lL^lo epeffuL/Lh. 

Qcsnwsrrn-ioisv, ^emeniffiflex @<#^swuj ^(L^s,G^rrQiiimpmsi, 3jU 
G)urT(Lggj.i (5U)(y3ff»L_iu sm<su51sb ^lLi—l'd QarTQ,uuQs^i(W,njgj 
<3ir$iiu<sdrTLb. 

tt/f — sbt Sii^iu spoij mLbiSlmiu piLL—mfC, GLDpSn.f^uj ^Lhueuih /si_dK 
Sisirpgj. rfiifleo »ifiasiT ejpu®SiJ0ir)(g u^ieorra, arrpfSleo dst^asfr 
erpui-L® aLDi3e<S)uj (Lp&n'gxiLb iSesrgijUHTSiu u£,&®itTiLi—^8SiGt) 
*S>ias>& Sjsjj Qsirruj-emuj upaap Q&uJu-i) . QafTU^arg £§)rr«5»® uda^^l 
dil(§is^]Lb *y)su«B«D<ssJr (eddies) LDirpl LDfrpl airsgi! epewemp epekgu 
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gjrraia^ih. gjrsSj! anhuthiasrflsD speSI GaLLugj sr^asrrrec srssrpmsti 
srmpneo attflaaflm ^ism&tgBpfa^ s_smi—.nm ^]u^uL\-sTemr6^jih ^/5^1 
skldl3«@ ^lupmaturra &.srrerr ^lUf-ULj-sreme^iiLh GpmgiiG&ctyLh 
Qurr(Lggj srrppleo &ugii, a_6S3ri_n-(gu). £|)ffl»<5 "Aeolian tone" 
iSTwrgy <9h.ffj/syff. sxQmsirprr&), "Aeolian harp" sra>rp ^sn^a 

"eBsffliliLj-eroeiirriii" ermu^i sp(tf, lSotulSIsSIq^^^j Qmeer-aisQ 
(blade) suifsuii Qarremi— arrpn), ept^ ^mi—uS&ir &n.ijiTm sSiAhsau 
QsjrrQLbGurTg] erpuQ&ipgi. L\e(iscrT!ii(^ipeSlwi smgj-gjmsrridspjLh 
J§)suffi/rT _gy ajirsir dotsvpih S-emi—rrQpgj. ssagjti anpplasi •SiQgigs, 
$p<vj8> ^<5ffii-(Lf " eSaBLbi^-srosurr&i^issr" an^^i s-iurtSimpa^i <srmQ.\ 
aiq^^uuQiQip^]. ^ssmsu Ljedeorrrsi^ifieSleo arrpplp^ rsiriii Q&rrQta 

& Lp-erd^rTu9A<g &-emi—rrstsr eWGurriiiaanerr edn-&&@ibQun-(Lgg] arrp 
jlJ/Dgj a/sfitoLDsis)iu<ffi ^s&psu n .ssi/ii, (Sinaj-eb^auS emeu rrrii &a>str 
eiin@i&@ihQLjrr(Lg§j si/«$)6a)LO«nu/ ^©.KLO/Taa Qffiffi/r@<sa GsusfcQfiib. 

i.j&)&}iriii(^i^eSisO Qeii6ii(o<sujru ®veujriiixeir swr&luuap 

LjSDeorrihi^LpeSlec sm^j-gjoneiruSeSlQ^^gj &pg>l girrriii tjrirsrf? 

£g]«5>«u*swsjr (Lp(i£ss)umjrT&Qsun urr^liurrsGsurr eSlrrecssnrrsd (7-PLj., 
Sjeto&iLiLb-rSeirpGnis ^(yj/wtgzj©^^) sro, /fl, <s, to, u, dj, /$ Cu/tot/d 
ehxsurrim&ek <surr9]si3iuuQQmr pssr . sm^i-§jen)efruSsSI(§^ai srosu/r- 
a^iwisngisiflm gjrrriii, sfDsurrmi&GiTlsk ^^rfeif-^Temes^p^a, sjasswrn}! 

GojDrrGOLlefo s-i—eiSiujaai Gafrsirihia^S,^ (Helmholtz resonators) 

^)^63r §j£S)Gfrsmuj &pg)] Quifl&trTaQmiTso sifbg; Gansrrg 
f£m ftfTjjStouj S-iLStTQai (Lpis^iLjih. Ljsoscrriiii^ipisSls'o (^gj^rrsk 
rzi—s&lpgi. <3j$b&r §je$>GirsfouJ {Lpuj-uSiga^Lb eSlrrwev Qmm^ffLb 

gu.ujfrnjgjQarremGi— Gurr^Lh. 

emsurrthissir eifliumm a^SjiuM) ^sOGSisoQiugfrprTec, gnasxsiraeiflssr 



4- 
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Ljeoeiirr?Ei(3)LE,<5$}ffO Q<fili®j ^spxirssr ^iji&SuQurQjj^r (material) 
gjtpis&w @y>/Tu5)o7' j>t&a)Lb iDjbglJLb tEHgjm (LpevuGurrq^iirr 

QpmGu umf^G^rrih. e&(QiQrreer gsjsu&iuuu}. (gjiprruSm ajar 
aprosirsij (^mpeufra ^(ijfs^/rsfa, uiflsurrrr a^SjUsfr fiemnriuj @(5<s@ti. 
s-sh a-tbjDstrQ] = a)/<ffisyLD.T<s ^(j/s^/risi), uifiswrij «(5^)<seV (gsn/ysu/rffi 
£jj)(75«g)ii. LjA>6Dnrij(^ipisSleD GWGUtjmi&sir iBsis, (^esipeurrm uifiSurrrr 
&(£$at<stfiL-ffl ®n-isi.uJS$><suujrr& ^QfjaSidipm eTsbrgii Q^eoihGehr>rTsoLLefo 

«65W®LS)uf. i g i ®frff. l3p3,mS0^§}llU = ^(L/ei/<SSfTJiiL_ ^)«» r ^ 2-jQl§IU 

uQ^^liL/skerretsr. ^j^ssrirec^rrair L/Aeomii(§ipeS!sir speSts,s,meiS)LD 
uSI(5^7«v/T<a $l(njaQ®sr tDg] ; wrrpn-s fsrrsemeurrLb Gummp 

Li<iosorrmi(g,ipsC3isS}isirsBi~ LDrraj^lmrrreDrrssr i^eowrribi^LpGda^m ^cwotlo 
a^/Dffy i£l(njsnsuiTm <^l(nja@Lb. ejQmsirprTa) ustjih s-Gmn&ff-^fF-eB.L.. 

pir&eiveiijrii 

rsiraemsup-Lh <sp(^ ifiL surr^iiiLb. afrij)^! einrsj^lujiiiaieila> 6^(5 
ffil ^iscsc^j fftl Q«/rsa5ri_ eurr^iumjaisir s-wr&rm.. SlSfrrTifQennl. 
surrg&dtuiii <sp(§ i?lL a(njeSI&arrm rBrrae'ro^jrrib, epGutr 

(Oboe — GLDpagGduj g)s»ffds &(njaSI) Gurrosrp a^eSlask g)(5 
(ipmi&leo ifil- QaoT&ki— aq^eBask . evomrGiMrrAifLpLb ^(5 rfC 
euna,S!uuGui. 

njrraGfrsGvrr@§>leO gjj)(5 rfiL&ssxsir G&riisg] ^uf-u/Ta^^sb SL-Uf., 
LDpp (LpmmuSlso ^(5 jfjjmswu-ii—gbr g)(5«@ii). ^swg sh.wLjSui<\.eiin-asF 
^(5 (gjlpnifilGti 3>lG®\p£b§)- ■ f f ! L-«siD«r «u/ru^^ eaeu^gj, arrpwtp aarSj) 
acnn^ft surrffiuumr. ifLL&^ib epmi^iA^ GrSjlrrrrsi mp 

Qprresrgu ^stopps,] g]iq.u/-i erpuQiii. ^smsu lo/t/?$? LDf7rt5) ^msirsaiu 
gpLfttyti, ^)/o<s«Q/Lb Qffioayii). ^)^^ wngii^sts ^ss»—iLjib arrppap^^Lb 
0tp/ru5)s5) ^-sfrOT arrpplptgu urreijih. gJUj-ULj errpuL-Q, 



<3j3>tb@ &;ag;siirTgn &(tr,§nn<5h6ff swsuijiiisiffl spsSla^ib. ifLLsi^a^Lb 
(§Lpmugi(§Lh ajrfi'Gir ^jsaymruu s-gySSiiurrs, @(5<ffi<a GenewQih. 
^jsosorreSlLLi—rrea rftl<B«r pmiatetySM—tij ^lunyeaa ^§nfsi\-isTimesSlQ3 
gjiy-asiS) Q&jrrt—iij^Lb. Seo &issmuy r^rraiismeiiijSj^lsSli^iiigj "iSulSI" 
srmgu epsSl Gsn-Lugj ifLLaerflsir ^lupsna <3j§?lifs£!ssr arrumrik gn~s5r. 



sump $l<vj&@Lh. (gtfinuSIm rSenih ^j^laih ^s, <^<s, ^>i^etr "frrjy^i" 

rsrrdsrQjLb £|)(V5 uas(LpLb QsveuGsunrxi ^ji—gSjlsa t^iprruSlmr 

Slip u(g^luSsc @(5<ai(gzi. stlLi^so ^r(tp atfrnerrasfr LnGsj eSltjw&sk 

Sieisrpest. 



etsreiBLci 



gjsfrstrgj. <B/7/f)ffiy^)s3){r, a^siSuM) (LpecuQunQ^sir LD/bnyiii guulgi] — 
^jsmsu <QGSl3,{£<sisrffi)LD6®iu SL.(tT)S^rTS,(^Qekpm. SieirmflQssnL i^ek-s^.QffSnetr 
(cylindrical) a/uf-Si/nwaj/rsu, (3ld6jj/l£> edQT, ua&Lh ^Lpi^.uS!(tT)Uij^nso, 
<S>;£ilso s^emi—ir^ih uiflsurrij- ffr(nj§laffifleo sprbmpuuGBi— (odd) emntf 
larrgifilaswsiGerr (1, 3, 5, ) £g)(5<s(ajii. r^rrashisiirrib, epGurr 
Gurrskrt) aQTjGSIaGifiso (3jjpmii ^tiL/ suiij.suili QarrGmi_&irT& ^(njuu 
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gjisj-aagib eSlg&i&iig eBeira^ih ut^Lb. 



um^ih srem — 5 



( 'l£> <S <9jJ « * L_ L_ U U L_ L_ 

(Vibrations of Stretched Membranes) 

ti)0^/sj<SL£), aje&eo Gurrmp GgrrGO aq^eSlasnlim jjg)(tf s,<sy<s 
SI ' i uuiLi— G&jrTsba@s>GiT3i arrsmSSgsrGpmh. Gmrnsc arnjsSl&isnitso 
^/rOTY® c9/st)si)jy qjAnju Q^rrsossk ^(Jjiaarra msuaeKuuiLu^^A^Lh. 
Geusifluuaa G^rrsmsc ^]U)-&gjj ^/©/fsi/ <3imi—iu& Q&iussrrA], s_.l. 

Coiiisi) Q&tLJUJuuL_L- ^liieRekuis^, spQFi G ^rreBsSlQF,^^] a/sfeioiX) LD/f) 
Qprrekj^imfg, urrefil, (ip^so G^rrsSlsir ^SjirreRmr (LpLp&aii, @eopiL/ih. 
iS/D@ LDtiyirf (S^rreaaeifleSl^^] £§)jy sueQenm Quprru ^S)/fss/ s{eai—iu^ 
G:^rTL_A(§ih. ^uuisiiufra &isSies>usuSasr LDirppiii Qsim_(njLb. ^>jtii 
euujjsSli&r <spibij>&jj (tpujjiyii eusmrr. 

^]is^.ui3m «us5)««6»srr eSl^ts^rrm ^\w.uusM—i&Q} ^ipltuedmb. 
GwGpiiii Q&UJ«o(Lpeif>tr)u5la) rsL^^liqih amlj^sorrih. <^ig.L/tj6»L_ epcB 
fyrj)u(j)m(SuiT&f! G&jrreo (LpQ-psmLDiurrs aji^s^ih ; mu>iu <n§lrf 
(Lptsj-tqtb, GfilafiwiSleo (Lput-iLjiii GairrQ^is^snLBrrai g)(7riffi@ii. ^.gair 

(1) G^msSlm sSli^i-.0^ipt^ Grsituarrprroir sSISi^nffrTrrLb 

(2) tSgjato iBsoeuQuQijaa (Lpeo££slp(§ (square root Of 
the tension) (Snjir eBffigrr&n-rrib Qmrretki^gj. 

(3) gosheSldr s^(5 urruusrreSlA Qwrr 4#><5§Mr LBsst&uQiurnj&a. 

^pso^p^ (square root of the mass of the mem- 
brane per unit area) GrsrfLDrrprresr tsS&iprT&rTrrih 
Qsnroki—gj. 

^thiArrSjliflujrTssr aqijeSlasiflsir ggsi/si/ Qungisurrg; sp(nj Giirruj&a) 
wfTW &iLi—Lb ifiGgir (stQiffrrrr) ^ecsc^i usfrsrrii Gurrekpgi u?8$/t 



<S>l§?lrTei] *s>isiS)i_uj& QffihuiGOnLb (tb^^iiiaih) ^sdsv^i 65(5 @#£?> fipsOLb 
(gdileo). §3(5 6ULj_i-onw guu)-gSIgo S-ekesr ggsiyCpsu eSiVjihuu 
u®,Qp§l. ecrrrfLl GrrGso (Lord Rayleigh) STmuwir suCl.. 
egeueasuu up/flni ttsofilsi ^lusy Q^iL^lq^aSlprrrr. 

*2\&!iiTiSii-6Tmt3i<s$>Gir uorrprgjQm p^tf. Gissgniis G^rnAi acgaSUsir 

&5>LDUJ8j§jl6i> LDLLQtls = gl/t£<ffi<5UlJi_/7'i£)lSU, e£lstfllJjl3 rf)@LD SHiLDtU ff)(gjlis 

tSjfiilrTGt/aeir Qurrgjeain-iB ffeom-Lcufl (Chladlli) aigj^a;, ^eusijask 

si-Georrsi^ ^aaLani— &-.uGiurrQa,^mT. g£(5 (LpsapuSso a;«($ ff^/jr 
Guuj-eSsb ^)(V5<a(g/i) wp^iih ^t—irtsisd, sjsa^turrwsv ^©aa; f5® 
LDgSjluSo) 2-.njj§flujrTa i3is^^^jaQarrsiTmru (j/_li^.(T5<5@ti. ^,f5<S 
^atltfeir s^(5 u/k&^G$so, Q^mL^sQarrem®, sSlsosSlmrro) {53>C.iq.Mt 
LDpQprrfjij urrs>fbGs>3) lEiLis^mnw &ui$ih GaCJSi&rpQ&imusviai 

eSleo QuiT@iLb ^i—^ss>^ LDrrppliLjih, u<soe8&, ffu^riiasmsfr aLffinr® 
L/6irar«55rsD/Ttb. <spd]QeuiT(i^ jLDiofxpii sugiffiSdm gaiii epQjQtsurr&T 
pns, ^)(/7j«@uj. ^a® ^iLqjjLjastserrai &6us$aa>, <s£Igowgv Gurr® 
Gti3jp(ff, (ipgsr, ^3nLiSj,esr Gldso &mssr wmtsmsds, sjirsfilaQamsirsir 
GsumrQub. ^juQuiT(Lp^i (LpssrGurreo^ Q^mLQiAQsrrsm® ffSsomsvu 
Guml.i—mft>, ^•XL-i^ek Gldq) ^)(5<s@£i ^OTair zxxssrsi) gfrdraar srSttfii 
Sbu ^)i_ffi/««rf?si) ^sbsOTU) g)/ii>, Qsi) ^)i_a/<as7/?si) @ffl9f5^/ti> ^©^©'j'- 
/" ui_Lb umt&majLh] . ldowso gireksek @«S){5jL/ g)(5ffl@£i §)i_raj^«W' 
GprTL-Gb msdsweh) (nodal lines) ^pmzugj (ipuj.GaniSis.eiT 
srmrpsmifiaauuCSiLb. ^euBBi_waeiHa] ^gugSIso ^j^lrt^ Gjpui— 

GllGgo (^plui3CQGtTGiT G$mio9,®?tm Si^irsy upcBuj Qun§j 
Giirrssr G&toirrmiaGn Lbqjjgmi&Lb mpnyLb ^gSIgo Q\rremi^p(§ib 



Qurr(§r5£iih. ^esrrrec &)eo 'gaffiuuL-i— GSleurriiiff-err @Gip 
QarrQaauuLLQiffrGtrm. 

Lb(fr,{5iii&;ib Lopflj/LO ff,<zElso ^rj-ekisj-^jGw GajrveSeo fflsu Qurrq^eir 
aanetr Gfffiggi Grmi—sniu ^H^laifluu^j ssmrQ. 

ih(nj3iiija3j§)ieo eueo&jj us.ff.ai GgirsSlesr m^^luSsc &rrajih, Glcot 

Siskpsj. urreuevrra ff,i—sEl, (SLDguib LDrreij dgLtaS), eueogu uasnh 

prnfuGurrso Q&dim GsuemtjliLb. ^jeuQenrrsSlasir ffirn (m^^luSsc) 
LD/Dflj/ii uSlLQi (e&eiflLbdileD) srmjDemipsi^uuQSlesrjDSnr. Qjuuin-iurrff, 

(3(S5Ll@ti). • ^gmrrGO ib(njgrhiff,ii> Ggrrso surrgGSiiurBi&aflQei) 
ff(njf£l Qffifasiai3in.isj.uj ^(5 cSy/ftu ff(§s£l. 

^ji—ffd uaaii GiirTff)uu ! xji)(g Qfiostu, jraosutu/raj iSea&pg 

erQ^ffd eSlQeurrn-anar. 

geSlec 6urr&iG>iujg§Si<sosn.i— (Sji-Simrrso Q]rTff)affUuQLb ^i—gU 
uaaii GgrreSair S-Curoih sSsfraQaismQsmdi,' ^sfyi—uisgosrib, ppS} 
QLon"(y)<5@ (sremQemiurrsi) ^i3Gs^ffLt Q&ujujuulLi— asc «£larr6itT)g,f& 
sSttgrsgj CTQaauuLLi—g]) <ssW5d5 gS® usm* aji—suuuQih. 

GULLi—Lorrm gsi/si/ffisrr ^Stlrrey ^[smi—tLjLbGurrffj Qurra^Gims, 
Q/DrrrfGLDrreiSsim ^soeorrg uiflenrrrr ffr^^isiwieirGiu 2_«sjn_/rffi@ii). 
WBj^iiu urrsffiSSleo gtqm—g®\li srtbtfilGtsmea, sMDrntLQrr&S&isio smtfiu 
uifleurrrr «<75^)«sfr ^smi—rr(§ih. siSafliiL/ eprr^SjlsSlqijrbgi] Q^rri-tiiSi 
stoiDiuu u(gfijl suswj GgrrsEl&r GTstnismtuu uisj-Uuuj-UJrTffi ^S^aifl 
QarremGi— Gurrmireo, uifleinrrr #(5^)c5aflsi) smjmfiLn-eSlAsto ^Stlaub 

riveuir^Sjlssr Qjytp&aQpLb <g<sbremLUJih 

(ff,u}mu ^susu^y duurriL suiqeSlsorrm S-i—so, ii(T^^iii&nh tD/pnjvii 
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